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^  PREFACE 


This  book  has  been  written  to  meet  the  requirements  of  the 
new  methods  of  teaching  surveying,  especially  of  those  methods 
developed  in  connection  with  summer  courses  where  much  of 
the  instruction  formerly  given  in  the  class-room  has  been  trans- 
ferred to  the  field.    In  plan  it  is  a  text-book  and  pocket  manual 
combined,  while  in  scope  its  aim  is — ^not  to  cover  the  whole 
field  of  surveying,  but — ^to  treat  with  great  thoroughness  fun- 
damental principles  and  methods.     As   a  text-book  it  deals 
with  the  theory  of  surveying,  while  as  a  manual  it  gives  many 
practical  suggestions  and  directions  which  are  usually  left  for 
J    oral  instruction.     Oral  instruction  is  pecuharly  inadequate  in 
V    field  work  where  the  students  are  more  or  less  widely  scattered, 
S    while  directions  and  suggestions  if  given  in  the  class-room  are 
^    frequently  misunderstood  or  forgotten  before  they  can  be  ap- 
^^   plied  in  the  field.    The  problem  is  not  solved  by  issuing  a 
^    printed  collection  of  exercises  in  which  successive  steps  are 
'     outlined,  for  students  are  apt  to  follow  the  outline  bUndly  and 
^    thus  to  defeat  the  end  in  view.     It  would  seem  better  to  provide 
-:     a  book  in  which  explicit  directions  for  methods  of  procedure 
are  supplemented  by  the  same  explanations  and  conmients  as 
<-'     the  instructor  endeavors  to  give  orally. 

J  With  more  than  one  hundred  students  in  the  field  at  one 
time,  the  need  of  such  a  book  in  my  own  classes  has  become 
more  and  more  evident.  For  several  years  my  assistant  in- 
structors have  helped  me  to  keep  a  card  index  of  the  questions 
asked,  the  mistakes  made,  and  the  difficulties  encountered  by 
students  in  successive  classes.  Thus  not  only  were  the  needs 
of  students  ascertained,  but  those  which  are  most  common 
were  emphasized  by  duplicate  cards.  This  card  index  led  to 
the  preparation,  five  years  ago,  of  a  pocket  manual  for  use  in 
my  own  classes.  Yearly  editions  of  this  matvuai  \\aN^  \5fcj53a. 
issued,  each  containing  changjes  and  ad^XXsyas  ^w^^^^a^  \s^ 
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the  ever-growing  card  index,  until  now  it  is  offered  in  its  present 
form  for  general  use.  Though  mtended  primarily  for  students, 
it  is  hoped  that  it  may  prove  helpful  to  men  in  actual  work, 
especially  to  those  who  are  striving  in  the  early  years  of  practice 
to  perfect  themselves  in  the  art  of  surveying. 

In  attempting  to  produce  a  book  which  shall  be  useful  to 
the  beginner,  I  have  probably  gone  into  details  more  minutely 
than  seems  necessary  to  the  experienced  surveyor,  who  wonders 
"why  something  is  not  left  to  the  common  sense  of  the  student." 
Yet,  a  long  experience  in  teaching  impels  me  to  the  belief  that 
nothing  should  be  taken  for  granted,  that  anything  worth  telling 
the  student  is  worth  putting  in  print,  and  that  after  all,  common 
sense  in  surveying  is  closely  related  to  a  knowledge  of  common 
things — ^little  details  which  some  one  must  tell  the  student 
for  the  first  time.  If  put  in  print  where  they  will  be  seen  again 
and  again,  many  of  these  practical  details  can  be  learned  just  as 
well  before  as  after  graduation,  while  if  left  to  be  picked  up  in 
practice  many  of  them  may  not  be  learned  at  all. 

A  more  definite  idea  of  the  general  plan  and  scope  of  the 
book  may  be  gained  by  reading  the  short  introductory  notes 
at  the  heads  of  the  various  chapters.  Attention  is  called,  how- 
ever, to  the  following  features: 

1.  Great  care  has  been  taken  to  make  the  book  convenient 
for  ready  reference,  so  that  the  student  may  turn  quickly  to  any 
part  of  the  subject. 

A  purely  progressive  order  of  arrangement  being  impracticable,  the 
plan  has  been  followed  of  grouping  closely  related  chapters  and  topics. 

2.  Each  branch  of  field  work  in  Part  I  is  treated  under  three 
general  heads,  viz. :  (1)  the  use  of  the  instrument;  (2)  the  gen- 
eral method  of  procedure;  (3)  the  practical  details  of-  field 
work. 

By  this  arrangement,  general  methods  of  procedure  are  not  obscured 
by  directions  for  the  use  of  the  instrument,  or  vice  versa,  while  that  part 
of  the  work  which  can  be  studied  in  the  class-room  is  separated  from  that 
which  is  better  studied  in  the  field. 

3.  The  time-honored  system  of  explaining  the  general  methods 
of  surveying  under  the  head  of  compass  surveying  has  been 
abandoned,  and  the  whole  theory  of  horizontal  control  is  ex- 
plained in  connection  with  transit  surveying. 

This  innovation  is  justified  by  the  fact  that  many  engineers  seldom,  ff 
ever,  have  occasion  to  use  the  compass. 

4.  Field  work  and  office  work  are  treated  in  sepwate  parts 
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of  the  book,  but.  the  important  relations  between  the  two  are 
emphasised  throughout. 

This  division  of  the  subject,  adopted  five  years  ago  in  the  first  prelim- 
inary editi<m  of  this  book,  corresponds  to  a  similar  divisi<m  of  the  work 
in  practice. 

5.  General  statements  of  important  principles  and  methods 
are  almost  invariably  supplemented  by  special  applications  or 
practical  illustrations,  given  as  a  rule  in  fine  print. 

This  is  for  the  special  benefit  of  those  who  are  studying  the  subject 
with  little  if  any  help  from  a  teacher. 

6.  When  there  are  two  or  more  methods  of  doing  the  same 
thing,  they  are  given  one  after  the  other  and  then  compared. 

For  example,  see  Chapter  XII  for  four  methods  of  running  transit  lines: 
Chapter  XIII  for  different  methods  of  locating  details;  pages  141  and  150 
for  five  methods  of  locating  boundaries;  and  page  268  for  five  methods 
t)f  setting  grade-stakes. 

7.  A  great  deal  of  practical  information  is  given  without 
obscuring  general  methods. 

For  example,  in  explaining  any  method  of  procedure  a  ooncrae  outline 
of  the  essential  steps  is  given  first,  followed  oy  practical  suggestions  in 
fine  print. 

8.  In  the  chapters  on  field  notes,  an  attempt  has  been  made 
to  give  a  systematic  treatment  of  a  very  important  but  much 
oeglected  part  of  field  work. 

Not  only  have  numerous  forms  and  examples  been  given  throughout 
the  book,  and  especially  in  Chapter  XV,  but  different  methoda  of  keeping 
notes  sre  explained  and  compared.  Surprisingly  little  on  this  part  of  the 
subject  is  to  be  found  in  standard  text-books. 

9.  Throughout  the  book  special  effort  has  been  made  to  give 
a  systematic  and  practical  discussion  of  the  subject  of  errors. 

Consistent  accuracy  rather  than  exceptional  accuracy  should  be  the  first 
aim ;  hence  stress  is  laid  on  the  rdalive  importance  of  errors  from  differ- 
ent sources,  as  well  as  ux)on  methods  of  eliminating  errors. 

10.  Methods  of  checking  are  emphasized,  and  wherever  pos- 
sible they  are  included  in  methods  of  procedure  so  that  work 
may  be  checked  as  it  progresses  rather  than  after  it  is  finished. 

For  example,  see  methods  of  procedure  on  pages  152-156. 

11.  No  space  has  been  wasted  in  describing  and  illustratiner 
visible  parts  ot  instruments.  In  Part  III,  however,  a  critical 
study  is  made  of  the  construction  and  adjustment  of  instruments 
and  an  unusually  complete  chapter  is  given  on  the  care  of 
instrum^i^ts* 
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This  part  of  the  subject  should  be  studied  (rfter  the  student  has  become 
accustomed  to  the  use  of  the  instruments;  hence  it  is  treated  at  the 
end  of  the  book  instead  of  at  the  beginning. 

12.  The  method  of  calculating  bearings  in  Clmpter  XXX  is 
original,  but  it  is  such  a  simple  and  natural  application  of  alge- 
braic signs  to  angles,  that  the  same  general  method  is  probably 
used  by  many  engineers. 

13.  It  is  hoped  that  chapters  on  various  branches  of  surveying, 
such  as  stadia,  compass,  and  plane-table  work,  will  be  found 
unusually  complete.  Attention  is  called  to  Chapters  XVII  and 
XXIII  on  special  work  in  transit  surveying  and  leveling,  and 
to  the  treatment  of  office  computations  and  mapping  in  Part  II. 
No  attempt,  however,  has  been  made  to  cover  such  subjects  as 
city  surveying  and  mining  surveying,  since  they  cannot  be  treated 
adequately  in  a  book  of  this  kind.  There  is  an  opportimity 
for  specialists  to  write  books  of  reference  on  these  two  subject*, 
following  the  general  plan  of  our  best  books  on  railway  survey- 
ing and  topographic  surveying. 

14.  Through  the  kindness  of  Mr.  Charles  W.  Reinhardt  of 
the  Engineering  News,  and  of  Prof.  C.  E.  Sherman  of  Ohio 
State  University  I  have  been  able  to  include  in  Chapters  III 
and  XLII  valuable  extracts  from  their  admirable  books  on 
lettering. 

I  have  found  it  impracticable  in  many  cases  to  acknowledge 
my  indebtedness  to  other  writers  on  surveying,  so  much  of 
the  subject  having  long  been  the  common  property  of  all  en- 
gineers. Certain  portions  of  the  chapters  on  errors,  and  on 
the  construction,  use,  and  adjustment  of  instrmnents  were 
first  suggested  by  Prof.  I.  O.  Baker's  excellent  book,  En^ 
gineers'  Surveying  Instruments.  For  the  most  part,  however, 
I  have  drawn  upon  data  gathered  from  a  great  variety  of 
sources  during  the  past  fifteen  years. 

I  am  indebted  to  many  engineers  and  to  members  of  the 
faculty  of  the  Sheffield  Scientific  School  for  valuable  sug- 
gestions offered  during  the  preparation  of  this  book.  I  am 
under  special  obligations  to  Prof.  C.  S.  Hastings  for  his 
helpful  criticism  of  the  chapters  on  errors,  to  Mr.  C.  S.  Rein- 
hardt for  assistance  in  the  preparation  of  some  of  the  cuts,  and 
to  Mr.  R  S.  Kirby  for  niunerous  suggestions  concerning  office- 
work,  as  well  as  for  valuable  help  in  the  preparation  of  illus- 
trative examples  in  Part  II.  Grateful  acknowledgment  is  also 
made  of  the  help  received  from  my  colleague,  Mr.  C.  S.  Famham, 
and  from  Mr.  C.  A.  Wheeler  of  the  ConnecWcMX.  K^CK)^>sscdL 
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College.  Mr.  Famham,  besides  contributing  knowledge  gained 
from  practical  experience,  has  been  of  great  assistance  in  the 
preparation  of  the  manuscript.  Mr.  Wheeler  has  read  the  entire 
proof  with  great  care,  and  has  made  important  corrections  and 
additions. 

Acknowledgments  are  due  to  Professors  Ives  and  Hilts  for 
the  use  of  Table  III,  reprinted  from  their  Problems  in  Survey- 
ing; to  Professors  Merriman  and  Brooks  for  Tables  VI,  IX, 
and  X,  reprinted  from  their  Hand  Book  for  Surveyors;  and  to 
Professor  Searles  for  Tables  VJII,  XI,  XIV,  XV,  XVI,  and 
XVIII.  Table  XVII  is  from  Carhart's  Field  Book  for  CivU 
Engineers. 

John  C.  Tract. 

Nxw  Haven,  CoNNEcncuT« 
August,  1907* 
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INTRODUCTION 


To  THB  Student: 

The  theory  of  plane  surveying  ia  surprisingly  simple,  but  the  application 
of  the  theory  in  practice  is  more  difficult.  There  is  not  much  to  under- 
stand, but  there  is  a  great  deal  to  remember.  Success  dei)ends  more  upon 
training  and  judgment  than  upon  a  knowledge  of  theory.  You  can  hardly 
expect  in  a  college  course  to  acquire  the  skill  which  comes  from  long-con- 
tinued repetition,  or  the  judgment  which  comes  from  wide  experience. 
On  the  other  hand  you  should  realize  that  the  habits  formed  when  first 
learning  the  use  of  surveying  instruments,  and  the  methods  of  field  work 
acquired  in  college  are  apt  to  cling  to  you  long  after  graduation.  It  is 
the  object  of  this  book  not  only  to  explain  the  theory  of  surveying  but  to 
help  you  to  acquire  those  habits  and  methods  of  work  that  are  in  accord 
with  the  best  practice.  This  does  not  mean  that  you  can  read  over  the 
practical  suggestions  and  directions  for  field  work  once  for  all  and  then 
remember  them  ever  after.  On  the  contrary,  you  should  take  the  book 
into  the  field  with  you  and  consult  it  constantly.  Study  it  first  for  gen- 
eral principles  and  for  a  few  of  the  most  important  directions,  and  then, 
as  you  have  opportunity,  read  and  reread  portions  of  the  text  in  order 
to  pick  up  the  fine  points  of  good  field  work.  For  example,  you  are  a 
rodman  and  are  waiting  for  the  levelman  to  set  up.  Now  is  a  good  time 
to  reread  the  suggestions  for  the  rodman,  page  261.  Or  if  a  member  of 
the  transit  party  with  little  to  do,  read  portions  of  Chapters  IX,  XII,  XIII, 
and  XIV  on  transit  surveying.  In  this  way  much  time  can  be  used  to 
good  advantage  which  would  otherwise  be  wasted. 

Learn  different  methods  of  doing  the  same  thing  and  study  the  advan- 
tages and  disadvantages  of  each  method.  Study  also*  the  different  sources 
of  error,  for  field  work  is  a  continual  fight  against  errors.  In  practice  the 
surveyor  aims  to  save  time  and  expense.  Working  thus  under  pressure, 
it  is  a  great  advantage  to  be  able  in  any  given  case  to  choose  the  most 
suitable  method,  and  to  know  what  sources  of  error  may  be  ignored  and 
what  must  be  eliminated.  Learn  to  check  work  while  it  is  in  progress, 
for  a  considerable  portion  of  a  surveyor's  work  is  in  making  sure  that 
the  remaining  portion  is  correct. 

Finally,  do  not  work  too  much  by  rule,  and  do  not  form  the  ''hand- 
book habit."  The  sooner  you  are  able  to  work  without  help  from  this 
book  the  better  the  book  will  serve  its  purpose.  Throughout  the  course 
maintain  an  attitude  of  questioning.  Do  not  accept  what  an  instructor 
says  or  what  the  book  tells  you  as  gospel  truth.  Constantly  ask  yourself 
*Wh]/  '  and  do  not  rest  satisfied  until  you  know  why.  This  b  the  aglcvt 
which  will  enable  you  to  get  the  most  omI  ol  \\iq  ooMt^iA. 
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Part  I 
FIELD   WORK 


CHAPTER  I 

INTRODUCTION 

Fundamental  Pkincipleb  and  General  Methods 

1.  The  Earth's  Surface  is  understood  in  geodesy  to  be 
the  surface  of  a  globe  as  determined  by  the  mean  level  of  the 
ocean.  The  actual  surface  of  the  land  is,  for  the  most  part, 
above  the  earth's  surface.  It  is  not  necessary,  however,  to 
make  this  distinction  in  ordinary  surveying  except  when  dealing 
with  elevations.  The  earth's  surface  is  generally  spoken  of  as 
a  sphere;  it  is  more  nearly  an  oblate  spheroid  of  revolution. 

The  longer  axis  is  in  the  plane  of  the  equator,  the  shorter  from  pole  to 

f>ole.     The  lengths  as  generally  used  in  geodesy  are:  long  axis  41  852  124 
t.,  short  axis  41  710  242  ft.— a  difference  of  141  882  ft.,  or  about  26.87 
miles.     The  average  radius  of  the  earth's  surface  is  therefore  3956.5  miles^ 

2.  Sea  Level  is  understood  to  be  the  mean  between  high 
and  low  tides.  It  can  be  determined  at  any  place  by  means 
of  self-registering  gages,  the  observations  extending  over  a  long 
period  of  time. 

3.  Horizontal  and  Vertical  Planes.  At  any  given  point 
on  the  earth's  surface  there  can  be  but  one  vertical  line,  i.e., 
a  line  to  the  earth's  center  as  indicated  by  a  plumb-line.  A 
plane  perpendicular  to  this  line  is  a  horizontal  plane,  A  plane 
passed  through  this  line  is  a  vertical  plane.  At  any  given  point 
there  can  be  but  one  horizontal  plane;  there  can,  however, 
be  an  indefinite  number  of  vertical  planes. 

Remark.    A  level  surface  is  not  a  horiaontaX  "pVane/vR.^^^^  V^  Na  "^"oX  «^ 
plane  at  all  but  a  surface  which  is  at  every  poviil  \»Tpfeu^\ftvi^'ax  \.o^v^>asK^^ 
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line  at  that  point.  If  the  plumb-line  at  every  point  pointed  to  the  zenith, 
a  level  surface  would  conform  to  the  earth's  surface  (an  oblate  spheroid), 
but  owing  to  the  irregular  distribution  of  mass  there  are  many  deviations 
of  the  plumb-line,  and  a  level  surface  follows  all  such  deviations.  These 
deviations  of  the  plumb-line  are  not  taken  into  account  in  plane  survey- 
ing. 

4.  Surveying.  Making  such  observations  and  measurements 
as  will  determine  the  relative  positions  of  points  on  the  earth's 
surface. 

Measurements  may  be  either  angular  or  linear. 

5.  Plane  Surveying.  Surveying  in  which  all  measurements 
are  either  made  or  reduced  parallel  to  a  horizontal  or  vertical 
plane. 

In  plane  surveying  the  cm^ature  of  the  earth's  surface  *  is  not  taken 
into  account,  in  geodetic  siu^eying  it  is;  hence  the  necessity  for  the  two 
terms  plane  and  geodetic.  For  ordinary  surveys,  extending  over  small 
areas,  the  methods  of  plane  surveying  involve  no  appreciable  errors.  The 
limit  is  roughly  placed  at  about  100  square  miles,  although  plane  survejrs 
of  much  greater  extent  are  often  made  when  great  accuracy  is  not  required. 

The  difference  in  length  between  the  arc  on  the  earth's  surface  and  a 
straight  line  is  only  about  0.05  ft.  in  11^  miles,  0.5  ft.  in  23  miles,  and 
1.0  ft.  in  34^  miles. 

6.  Horizontal  and  Vertical  Measurements.  There  are 
four  kinds  of  measurements  used  in  plane  surveying: 

Horizontal  VERTiCAii 

1.  Horizontal  Distances  3.  Vertical  Distances 

2.  Horizontal  Angles  4.  Vertical  Angles 

Remark,  In  exceptional  cases  linear  measurements  are  some- 
times made  along  an  inclined  sur- 
face, but  these  measurements  are 
afterwards  reduced  to  a  horizontal 
or  vertical  basis.  It  is  important 
that  the  student  should  understand 
at  the  outset  the  distinctions  as 
illustrated  in  Fig.  6. 

IlluBtration.  Let  A  be  a  point  at  the  bottom  of  a  hill  and  B  a  point 
at  the  top.  The  distance  AB  as  understood  in  surveying  is  not  the  air- 
line distance  AB  but  its  horizontal  projection  AC.  Again,  let  H,  D,  and 
G  be  points  in  the  same  horizontal  plane,  E  a  point  in  a  vertical  line 
through  H,  and  F  a  point  in  a  vertical  line  through  G.  The  angle  EDF 
as  understood  in  surveying  is  not  the  actual  angle  between  the  two  lines 
ED  and  DF^  but  the  horizontal  projection  of  that  angle,  i.e.,  the  angle 
HDG,  which  lies  in  a  horizontal  plane  through  D,  the  vertex. 

BC,  EH,  and  FG  are  vertical  distances  and  BAC,  EDH,  and  FDG  are 
vertical  angles.  If  A  is  at  the  sea-level,  BC  is  the  elevation  of  B  above 
the  mean  surface  of  the  earth ;  if  both  A  and  B  are  above  the  sea-level, 
then  BC  is  simply  the  difference  in  elevaiion  of  A  and  B. 

♦About  0.7  ft.  in  one  mile  or  0.667Z)2  miles  =  curvature  in  feet^  where 

D  is  the  distance  in  miles,  i.e..  Curvature  «  ^  ^^T^  ^'^/"^^''^^  ^. 

Mean  diameter  of  earth 
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7.  Units  of  Measurement,  (a)  Linear  Units.  In  the  United 
States  the  unit  of  length  is  the  foot.  The  surveyor  uses  decimal 
parts  of  a  foot  instead  of  inches  and  fractions  of  an  inch.  For 
example,  in  surveying  50  ft.  9  in.  is  usually  given  as  50.75  ft. 
It  is  seldom  necessary  to  give  measurements  closer  than  the 
nearest  thousandth  of  a  foot;  more  often  the  nearest  hundredth 
or  even  tenth  of  a  foot  will  answer  every  purpose. 

Angular  units.  Angles  are  measured  in  degrees,  minutes^  and 
seconds,  60  sec.  =  1  min.;  60  min.  =  1  deg.  One  degree  is  -gljf 
part  of  the  circumference  of  a  circle.  Usually  angles  are 
measured  to  the  nearest  minute  or  half-minute. 

(a)  Changing  decimals  of  a  foot  to  inches.  For  the  student  who  is  accus- 
tomed to  fractions  of  an  inch  but  not  to  decimals  of  a  foot  it  is  helpful 
to  remember  that  0.01  ft.  is  approximately  i  inch.  A  difference,  for 
example,  between  two  measurements  of  0.0 1  ft.  seems  almost  inappre- 
ciable to  the  average  student  imtil  he  realizes  that  it  is  i  inch.  Having 
fixed  this  relation  in  mind  he  can  readily  convert  decimals  of  a  foot  to 
inches  and  vice  versa. 

Illustration.  0.04  ft.  =  4Xi"  =  r'  0.07  ft.  =  7Xi"-i".  O.lft.-lOX 
^'  —  li".  These  values  are  only  approximatelv  correct,  but  pear  enough 
for  most  purposes,  as  seen  from  the  following  table: 

Inches        Approximate        To  five  places 

i  0.01  ft.  0.01042 

}  0.04  ••  0.04167 

1  0.08  "  0.08333 

li  0.10  •'  0.10417 

(6)  Other  Units.  In  certain  kinds  of  work  it  is  convenient  for 
the  surveyor  to  use  feet  and  inches,  and  it  is  often  necessary 
to  change  inches  to  a  decimal  of  a  foot  and  vice  versa.  A  useful 
table  for  this  purpose  is  given  in  the  back  of  this  book.  The 
foot  is  one  third  of  the  length  of  the  standard  yard.  The  standard 
yard  is  a  length  fixed  by  a  standard  bar  at  62®  Fah.  This  stand- 
ard length  was  originally  an  arbitrary  one.  The  standard  bar 
is  kept  in  the  Standards  Department  of  the  Board  of  Trade  in 
London.  In  some  countries,  France  for  example,  the  meter  is 
the  standard  of  length.  One  meter  =  3.2808333  ft.  The 
unit  of  length  in  Spanish  measures  is  the  vara^  several  values 
of  which  seem  to  be  in  use,  viz.:  California,  1  vara  =  33  inches; 
Texas,  1  vara  =  33 J  inches;  Mexico,  1  vara =32.9931  inches. 

In  land  surveying  Gunter's  chain  gives  rise  to  other  units,  viz., 
the  chain  and  the  link.  1  chain  =  66  f  t . ,  1  link  =  66  -^  100  =  0.66  f  t . 
or  7.92  inches.  This  unit  is  based  upon  the  fact  that  ten  square 
chains  equal  an  acre,  i.e.,  10X66^=43  560  square  ft.  =  1  acre. 
To  reduce  links  to  feet:  Subtract  as  many  units  as  there  are 
hundreds  of  links  and  take  J  of  the  remainder. 

Illustration.     50  links  =  (50  -  0.50)  X  J = 33  ft. 
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8.  Seven  Methods  of  Locating  a  Point.  The  object  of 
surveying  is  to  determine  the  relative  positions  of  points.  To 
locate  a  point  its  position  with  respect  to  at  least  two  other 
points  must  be  known.  Let  A  and  B  be  two  points  of  reference, 
and  P  a  point  to  be  located  with  respect  to  A  and  B,  The  five 
most  conmion  methods  are: 


A 


C4) 


1  ft) 


Fio.  Sa. 


1.  By  the  two  distances  AP  and  BP. 

2.  By  the  distances  AC  and  CP  when  the  angle  at  C  is  90®. 
(CB  may  be  used  in  place  of  ^IC) 

3.  By  the  angle  at  A  and  the  distance  AP.  (Or  the  angle  at  B 
and  the  distance  BP.) 

4.  By  the  angle  at  A  and  the  distance  BP.  (Or  the  angle  at 
B  and  the  distance  AP.) 

5.  By  two  angles,  one  at  A,  the  other  at  B. 

Notice  that  in  the  first  two  methods  no  angles  are  measured, 
and  that  in  the  fifth  method  no  distances  are  measured,  the 
distance  from  A  to  B  being  known. 

Compare  the  fourth  method  with  the  third,  since  in  each 

method  one  angle  and  one  distance  are  meas- 
ured. 

Two  other  methods  used  for  locating  a  point 
are: 

6.  By  the  intersection  of  two  straight  lines 
between  four  known  points  A,  B,  C,  and  D. 

7.  By  two  angles  taken  at  the  point  to  be 
located,  and  formed  by  hues  to  three  known 
points  Ef  Ff  and  G. 

In  these  two  methods  no  distances  are 
measured,  although  of  course  the  distances 
between  the  given  points  of  reference  are 
known.  The  seventh  method  is  the  only  one 
of  all  seven  methods  in  which  an  angle  is 
measured  at  the  jx)int  to  be  located. 
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Remark,  A  large  part  of  survejdng  consists  in  locating  two  or  more 
points  or  stations  with  respect  to  each  other,  and  then  locating  boundary. 
Unes,  houses,  roads,  streams,  and  other  details  with  resp«ct  to  th^ 
stations.  It  is  simply  performing  on  a  large  scale  many  of  the  familiar 
operations  of  the  drafting-room,  using  the  tape  in  place  of  a  scale,  and  a 
transit  in  place  of  a  protractor. 

9.  Surveying, — General  Methods.  The  work  of  the  sur- 
veyor may  be  divided  into  three  parts:  (1)  Field  Work;  (2) 
Office  Work;  (3)  Care  and  Adjustment  of  Instruments, 

(a)  Field  Work.  The  primary  operations  in  field  work  are: 
(1)  Measuring  distances  (Chaps.  IV  and  V);  (2)  Measuring 
angles  (Chaps.  VIII-X);  and  (3)  Recording  field  notes  (Chaps.  Ill 
and  XV).  Some  of  the  things  which  the  surveyor  has  to  do 
and  which  involve  these  three  primary  operations  may  be 
outlined  as  follows: 

(4)  Establishing  points  and  lines  of  reference  with  respect 
to  which  all  details  of  the  survey  are  located  (Chaps.  XI  and 
XII). 

(5)  Locating  details  of  the  survey  with  respect  to  the  reference- 
points  and  lines  referred  to  in  (4)  (details  such  as  boundary- 
lines,  streets,  buildings,  fences,  rivers,  bridges,  and  other  im- 
portant features  of  the  tract  surveyed)  (Chaps.  XIII  and  XIV). 

(6)  Staking  out  roads,  boundaries,  buildings,  masonry  struc- 
tures, and  other  details,  the  reverse  of  (5)  (Chap.  XVII). 

(7)  Establishing  parallel  lines,  perpendiculars,  measuring  to 
inaccessible  points,  measuring  inaccessible  distances,  running 
straight  lines  through  obstacles,  and  doing  other  special  work 
depending  upon  geometrical  or  trigonometrical  constructions 
(Chaps.  VII  and  XVIII). 

(8)  Determining  the  relative  elevations  of  points  (Leveling, 
Chaps.  XIX-XXII). 

9.  Making  topographic  surveys  in  which  horizontal  and  ver- 
tical measurements  are  combined  (Chap.  XXVII). 

(6)  Office  Work.  The  indoor  work  of  the  surveyor  consists 
chiefly  of  (1)  drawing ^  and  (2)  computing.  The  drawing  con- 
sists mainly  in  plotting  measurements  to  scale,  and  therefore, 
to  a  large  extent,  in  reversing  on  paper  the  operations  in  the 
field.  The  computing  is  of  two  kinds  (1)  that  made  for  pur- 
poses of  plotting,  and  (2)  that  made  in  order  to  obtain  necessary 
data  and  information  concerning  the  tract  surveyed.  Some  of 
the  things  done  in  the  office,  which  are  treated  vw  dfc\.^^\w'^^x\» 
JJ,  m&y  be  outlined  as  follows: 

(1)  Working  up  field  notes  preparatory  to  ^\o\Xaw^. 
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(2)  Plotting  reference  points  and  lines  which  fonn  the  skeleton 
of  the  map. 

(3)  Plotting  details  by  measurements  from  the  reference  points 
and  lines  referred  to  in  (2). 

(4)  Finishing  up  the  map,  tracing,  lettering,  and  blue-printing. 

(5)  Calculating  hearings,  latitudes  and  departures,  unmeasured 
distances  and  angles,  adjusting  measurements,  balancing  errors, 
and  making  other  computations  necessary  for  plotting. 

(6)  Calculating  areas ^  dividing  up  land)  calculating  angles 
and  distances  to  be  laid  off  in  the  field,  and  making  computations 
to  obtain  all  other  data  which  may  be  desired. 

(7)  Preparing  level  notes  for  plotting. 

(8)  Plotting  profiles ,  contour  Unes,  and  other  level  notes. 

(9)  Finishing  up  profiles. 

(10)  Calculating/  grades,  cut  and  fill,  and  making  other  earth- 
work computations. 

(c)  The  Care  and  Adjustment  of  Instruments  implies  a 
thorough  acquaintance  with  the  instruments  themselves;  for 
the  most  part  this  must  be  gained  in  the  field, — not  from  books. 
There  is  much,  however,  concerning  the  construction  of  survey- 
ing instruments  which  is  not  evident  from  inspection,  and  there 
are  certain  directions  for  their  care  and  adjustment  which 
should  also  be  given.  This  information  will  be  found  in  Part 
III. 

10.  Important  Questions  in  Surveying  which  arise  in 
connection  with  the  field  work  are:  (1)  Degree  of  accuracy 
required;    (2)  Methods  to  be  used;    (3)  Instruments  to  be  used; 

(4)  Errors,  their  sources,  relative  importance,  and  prevention; 

(5)  Speed;  (6)  Systematizing  the  work;  (7)  Justifiable  cost  of 
the  survey.  These  questions  are  closely  related  to  each  other, 
and  depend  to  a  large  extent  On  the  purpose  for  which  a  survey 
is  made. 

11.  The  Purpose  of  a  Survey.  The  following  illustrations 
indicate  how  the  purpose  of  a  survey  helps  to  determine  the 
degree  of  accuracy  required  and  to  decide  other  questions 
suggested  in  the  preceding  article. 

Illustrations.  A  particular  survey  may  be  for  the  purjwse  of 
making  a  rough  map,  plotted  to  small  scale,  say  1  inch  =  200 
feet.  The  points  will  not  be  plotted  nearer  than  yfe^h  of  an 
inch;  hence  it  is  useless  to  take  measurements  nearer  than  to 
the  nearest  two  feet. 
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Another  survey  may  be  for  a  map  also  to  small  scale,  but 
exact  measurements  are  wanted  and  will  be  printed  on  the 
map.    Accurate  measurements  must  be  made  accordingly. 

A  survey  is  made  of  a  farm  worth  $20  an  acre.  The  value  of 
the  land  does  not  warrant  great  expense,  probably  not  more 
than  10  to  25  cents  per  acre:  but  very  accurate  work  costs 
money;  hence  very  accurate  work  cannot  be  done,  and  the 
method  used  would  be  a  compass  survey  or  some  other  quick 
method. 

A  survey  is  made  of  a  city  lot  worth  $1000  a  front  foot.  Every 
fraction  of  a  foot  is  valuable;  hence  time  and  expense  are  not 
spared  in  getting  an  accurate  survey. 

A  surveyor  stakes  out  a  dirt  road;  he  sets  the  stakes  as 
nearly  on  line  and  gives  the  corresponding  grades  as  nearly 
as  he  can  without  wasting  time  in  splitting  hairs.  If,  however, 
he  is  giving  curb-line  and  grade  for  a  permanent  pavement, 
the  work  must  be  done  with  greater  precision. 

12.  Errors  in  Surveying.  It  is  essential  that  the  student, 
early  in  his  course,  should  learn  to  distinguish  between  the 
different  kinds  of  errors  in  surveying,  to  recognize  their  relative 
importance,  and  to  use  the  customary  methods  of  prevention, 
correction,  and  distribution.  This  subject  is  at  once  so  large 
and  so  important  that  the  whole  of  the  next  chapter  is  devoted 
to  it. 

13.  Accuracy  in  Surveying.  As  indicated  in  Art.  11,  p.  6, 
the  purj)ose  of  a  survey  and  the  value  of  the  land  largely  deter- 
mine the  accuracy  needed  in  the  field  work.  In  addition,  the 
surveyor  may  be  handicapped  by  rough  country,  too  short  a 
time  for  work,  too  small  a  party,  poor  instruments,  bad  weather, 
and  many  other  unfavorable  conditions. 

(a)  lAmits  of  error,  therefore,  cannot  be  given  once  for  all. 
Before  beginning  a  survey  a  surveyor  should,  if  possible,  establish 
limits  of  error  for  himself,  i.e.,  how  close  to  read  angles,  how 
accurately  to  measure  distances.  In  this  he  is  guided  by  his 
own  experience  and  that  of  others.  He  should  know  what  is 
considered  good  work  under  given  conditions.  Rules  for  hmits 
of  error,  however,  cannot  be  applied  blindly.  The  best  sur- 
veyor is  not  he  who  is  extremely  accurate  in  all  his  work,  but 
he  who  does  it  just  accurately  enough  for  the  purpose  without 
waste  of  time  or  money. 

(6)  Consistent  accuracy.    In  fixing  limits  of  error  for  angles 


8  FUNDAMENTAL  PRINCIPLES 

• 

and  distances,  have  the  two  consistent.  There  is  no  use  in  meas- 
uring angles  accurately  and  corresponding  distances  roughly, 
or  vice  versa.  Measure  one  as  carefully  or  as  roughly  as  the 
other. 

Not  all  the  work  of  a  survey  is  done  with  the  same  precision. 
Transit  lines,  since  they  form  the  basis  of  all  measurements,  are 
Usually  run  with  care,  for  an  error  in  angle  or  distance  affects 
the  whole  survey,  but  an  error  in  the  angle  or  in  the  distance  to 
a  corner  of  a  building,  for  example,  affects  only  the  location  of 
that  corner  and  not  the  whole  survey.  If  land  is  valuable, 
boundaries  are  usually  located  with  more  care  than  buildings 
and  other  details  for  obvious  reasons.  Make  the  precision  of  each 
step  in  the  field  work  correspond  to  the  importance  of  that  step, 

14.  Speed  in  surveying  depends  to  a  large  extent  on  skill 
in  handling  instnmaents.     Equally  important  are: 

(1)  Planning  the  survey  and  laying  out  the  work.  A  little 
foresight  in  the  choice  of  methods,  choice  of  instruments,  choice 
of  stations,  and  the  use  of  common  sense  in  deciding  similar 
questions  will  save  time. 

(2)  Working  with  consistent  accuracy.  Much  time  is  wasted, 
not  only  by  students  but  by  experienced  surveyors,  in  needless 
refinements. 

(3)  Systematizing  the  work  in  order  to  avoid  delays  and  to 
save  unnecessary  operations. 

Speed  is  not  necessarily  the  result  of  hurrying;  it  is  more 
apt  to  be  the  result  of  economizing  time  along  the  lines  suggested 
in  this  article. 

15.  System  in  surveying  not  only  economizes  time  but 
diminishes  the  chances  of  error.  There  are  many  things  in 
handling  instruments  and  in  other  operations  of  field  work 
which  can  be  done  always  in  the  same  way.  If  one  is  system- 
atic, much  of  this  work  becomes  second  nature,  and  mistakes 
are  thus  avoided.  Even  when  a  mistake  has  been  made  one 
will  often  become  conscious  of  it  because  of  the  violation  of 
some  fixed  habit  and  so  can  find  the  error  and  correct  it.  For 
similar  reasons  system  is  equally  valuable  in  recording  notes 
and  in  office  computations,  and  much  of  the  value  of  a  young 
surveyor's  services  lies  in  his  knowledge  of  his  employer's  sys- 
tem, and  in  his  ability  to  work  in  that  system. 

16.  Equipment.  The  equipment  needed  both  for  field 
work  and  for  office  work  is  described  in  Part  III. 


CHAPTER  n 
j:rrors 

In  the  first  part  of  this  chapter  the  aim  is  to  define  the  different  kinds 
of  error,  and  to  show  how  these  errors  affect  measureznents ;  abo  to  ex- 
plain how  the  most  probable  or  best  value  of  a  quantity  may  be  obtained, 
and  how  the  precision  of  measurements  may  be  judged.  In  the  second 
part  of  tbi9  eh^ptor  a  bii^  review  of  the  noethod  of  least  squares  is  given 
in  so  far  as  that  method  is  likely  to  be  used  in  plane  surveyii^g. 

Methods  of  preventing  or  eliminating  eirors,  and  the  relative  importance 
of  error?  from  different  sources,  will  oe  treated  more  in  detail  ifi  sybse-t 
quent  chapters. 


17,  Error.  No  measurement  in  surveying  can  be  exact. 
The  difference  between  a  measurement  and  the  true  value  of 
the  quantity  measured  is  the  true  error  of  that  measurement. 
The  true  error  of  a  measurement  is  never  known,  for  the  true 
value  of  the  quantity  measured  is  never  known.  How  then 
can  a  surveyor  judge  of  the  precision  of  his  measurements, 
and  how  can  he  determine  the  most  probable  or  best  values 
of  the  quantities  measured?  These  are  the  main  questions  to 
be  considered  in  any  discussion  of  errors. 

IS,  Sources  of  Error.  (1)  Natural;  (2)  Instrumental;  (3) 
Personal. 

(1)  Natural.  Temperature,  wind,  refraction,  action  of 
gravity,  obstacles  to  measurement. 

(2)  Instrumental.  Imperfections  in  the  construction  and 
adjustment  of  instruments.  Expansion,  contraction,  and  other 
possible  changes  in  the  instruments. 

(3)  Persor^l.  Imperfections  of  human  sight  and  touch, 
Actual  mistakes. 

19.  Three  Classes  of  Errors.  (1)  Mistakes;  (2)  Constant 
errors;  (3)  Accidental  errors.  If  a  measurement  of  a  quantity 
is  greater  than  the  true  value  of  that  quantity,  the  error  is  plus; 
if  less  than  the  true  value,  the  error  is  minus.    The  total  error 
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is  not  due  to  any  one  cause,  but  it  is  the  algebraic  sum  of  errors 
due  to  different  causes. 

Mistakes  are  errors  which  have  their  source  in  the  mind  of 
the  observer. 

Constant  errors  are  those  which  occur  from  well-understood 
causes  and  can  be  eliminated. 

Accidental  errors  are  those  which  remain  after  mistakes  and 
constant  errors  have  been  eliminated. 

An  accidental  error  is  as  likely  to  be  plus  as  minus,  but  a 
constant  error  under  given  conditions  always  has  the  same 
sign  and  the  same  magnitude. 

Thus,  for  example,  if  a  tape  is  i"  too  long  because  of  high 
temperature,  this  is  a  constant  error,  because  under  the  same 
conditions,  i.e.,  the  same  temperature,  the  tape  will  always 
be  J"  too  long.  Under  changed  conditions,  i.e.,  low  tempera- 
ture, the  tape  may  become  too  short;  then  the  sign  of  the  error 
is  changed.  This  illustrates  how  a  constant  error  from  a  given 
source  may  be  plus  or  it  may  be  minus,  but  under  the  same 
conditions  it  cannot  be  plus  or  minus.  Suppose,  on  the  other 
hand,  that  an  observer  in  measuring  between  two  points  makes 
an  error,  in  reading  the  tape,  so  small  that  he  cannot  detect 
it.  This  accidental  error  is  as  likely  to  be  plus  as  minus,  and 
if  he  repeats  the  measurement  he  is  liable  to  make  a  similar 
error  and  that,  too,  is  as  likely  to  be  plus  as  minus. 

If  a  measurement  is  repeats  a  number  of  times  imder  pre- 
cisely the  same  conditions,  the  constant  error  is  the  same  for 
each  measurement,  both  in  sign  and  magnitude.  It  is  not 
reduced  or  affected  in  any  way  by  taking  the  mean  of  all  the 
measurements.  The  accidental  error  of  each  measurement,  on 
the  contrary,  is  as  likely  to  be  plus  as  minus,  and  the  accidental 
error  of  the  mean,  therefore,  is  likely  to  be  less  than  the  acci- 
dental error  of  any  one  measurement.  Theoretically,  that  part 
of  the  total  error  due  to  accidental  errors  would  entirely  dis- 
appear from  the  means  of  an  indefinitely  large  series  of  ob- 
ser^'ations,  taken  imder  precisely  the  same  conditions;  that 
part  due  to  constant  errors  would  still  remain. 

(a)  lUiutrationa.  A  few  illustrations  of  the  three  classes  of  errors  will 
help  to  make  the  distinctions  clear: 

Mistakes.     Errors  due  to  carelessness,   inexperience,  and  mental  con- 
fusion, such  as  mistakes  in  reading  the  tape,  the  vernier,  or  the  level-rod; 
keeping  the  wron^  count  of  tape-lengths;  turning  the  wrong  tangent  screw; 
aigbting  at  the  wrong  station. 
Constant  erron.      Errors  due  to  such  weU-uixdersVooA.  ao\xttsea  «a  \kcbl- 
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perature,  sag,  pull,  imperfect  graduation,  and  imperfect  adjustmients  of 
instruments. 

Accidental  errors.  Errors  due  to  imperfections  of  h^iman  sight  and 
touch  which  render  it  impossible  to  make  exact  readings,  to  know  when 
the  cross-hair  exactly  bisects  a  signal,  to  handle  instnunents  delicately; 
sudden  and  imp)erceptible  changes  in  an  instrument  itself;  indeterminate 
varicUians  in  pull,  temperature,  and  certain  other  sources  of  constant 
errors. 

(b)  Remark.  When  mistakes  are  very  small  it  is  sometimes  difficult  to 
distinguish  them  from  accidental  errors.  It  is  to  be  noticed  also  that 
while  temperature  is  a  source  of  constant  error,  variatione  of  temperature 
too  small  to  be  measured  may  be  classed  as  accidental  errors;  the  same 
is  true  of  small  variations  in  some  of  the  other  sources  of  constant  errors. 

Notice  also  that  constant  errors  from  different  sources  tend  to  balance 
each  other  when  some  are  plus  and  some  are  minus ;  as,  for  example,  when 
the  error  in  chaining  due  to  high  temperature  tends  to  balance  error  due 
to  sag.  Again,  constant  errors  from  the  same  source  may  tend  to  balance 
each  other  in  the  mean  of  measurements  taken  under  different  conditions, 
as,  for  example,  when,  in  chaining,  part  of  the  measurements  of  a  Une  are 
made  when  the  temperature  is  above  the  standard  temperature  for  the 
tape,  and  part  when  it  is  below. 

(c)  Cumulative  and  compensating  errors.  When  the  value  of 
a  quantity  is  found  by  adding  together  the  measurements  of 
several  smaller  quantities,  any  source  of  constant  error  becomes 
a  source  of  cumulative  errors,  because,  under  given  conditions, 
a  constant  error  always  has  the  same  sign;  on  the  other  hand, 
any  source  of  accidental  error  becomes  a  source  of  compensating 
errors,  since  for  each  of  the  separate  measurements  the  sign 
is  as  likely  to  be  plus  as  minus.  Compensating  errors  tend  to 
balance  each  other,  while  the  cumulative  errors  from  any  one 
source  affect  the  total  result  in  the  same  way. 

(d)  lUuatrations.  Any  constant  error  in  the  length  of  a  tape  becomes 
cumulative  when  the  tape  is  applied  several  times  in  measuring  a  line, 
i.e.,  when  the  tape-lengths  are  added  together,  for  the  total  error  due 
to  that  cause  will  vary  in  direct  proportion  to  the  number  of  tape-lengths. 
On  the  other  hand,  errors  which  occur  in  marking  where  the  end  of  the 
tape  comes  each  time  that  it  is  stretched  are  compensating,  for  the  chances 
are  that  if  one  tape-length  is  marked  too  long  the  error  will  be  balanced 
by  another  tape-length  marked  too  short. 

Errors  due  to  the  settling  of  the  instnmient  in  leveling  are  cumulative, 
because  the  effect  is  always  the  same:  it  makes  the  calculated  elevations 
of  succeeding  points  too  high.  Errors  due  to  the  difficulty  of  telling  when 
the  cross-hair  exactly  bisects  the  target  are  compensating. 

20.  Discrepancies.  In  ordinary  surveying  most  of  the  dis- 
tances, angles,  and  elevations  are  measured  but  once.  An 
important  measurement,  however,  is  often  repeated,  and  if  the 
discrepancy  is  too  large  the  quantity  is  measured  a  third  time. 

A  large  discrepancy  between  two  measurements  of  the  same 
quantity  indicates  a  mistake  in  the  work,  but  it  does  not  follow 
that  because  the  discrepancy  is  small  the  error  is  small.  The 
discrepancy  is  not  an  error,  it  is  simply  the  difference  between 
two  measurements  each  of  which  contains  an  error  t\va.t,  Ttwi>^ 
be  very  large.    This  is  an  important  po\iv\i  \iOO  oW^^rw  QN^A<iO&&^, 
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(a)  lUiistration.  A  surveyor  measures  a  line,  the  true  length  of  which 
is  4CK)  ft.,  with  a  tape  which,  unknown  to  him,  is  jt  ft.  too  short.  The 
first  time  he  gets  402  ft.  and  the  second  time  402.05.  The  discrepancy 
is  only  0.05  ft.,  indicating  that  he  has  made  no  serious  mistake,  but  the 
true  error  is  2  ft.  for  the  first  measurement  and  2.05  ft.  for  the  second. 

21.  Elimination  of  Constant  Errors.  The  discrepancy 
between  the  two  measurements  in  the  preceding  illustration 
did  not  indicate  the  true  error,  because  of  a  constant  error  in  the 
length  of  the  tape  which  no  amount  of  repeating  the  measure- 
ment under  the  same  conditions  could  reveal.  The  surveyor 
should  have  known  that  his  tape  was  }  ft.  too  short,  and  have 
corrected  his  measurements  accordingly;  then  the  discrepancy 
would  have  indicated  more  nearly  the  precision  of  his  work. 
This  illustrates  why  it  is  the  first  business  of  the  surveyor  to 
eliminate  constant  errors  as  far  as  practicable.  A  mistake, 
as  revealed  by  a  discrepancy,  may  then  be  corrected  by  again 
repeating  the  measurement.  Constant  errors  and  mistakes 
having  been  eliminated  only  accidental  errors  remain,  and 
these  may  be  reduced  by  taking  the  arithmetical  mean. 

As  pointed  out  on  p.  11,  under  certain  conditions  constant 
errors  become  ciLmtUative,  while  accidental  errors  are  com- 
pensating; hence  the  obvious  importance  of  eliminating  con- 
stant errors  in  chaining,  in  leveling,  and  in  all  similar  work 
involving  the  summation  of  separate  measurements. 

22.  Prevention  and  Elimination  of  Errors,  (a)  Mistakes 
are  best  discovered  by  systematic  checks.  Checking  work,  an 
essential  part  of  all  surveying,  consists  in  comparing  results 
with  known  conditions. 

lUustrationa.  The  discrepancy  between  duplicate  measurements  should 
be  small;  the  sum  of  two  or  more  measurements  should  equal  another 
measurement,  as,  for  example,  when  the  sum  of  two  angles  snould  equal 
a  third  angle ;  the  sum  of  two  or  more  measurements  should  fulfill  some 
known  condition,  as,  for  example,  the  interior  angles  of  a  triangle  should 
add  up  180°. 

(b)  Constant  errors  are  prevented  or  eliminated  partly  by 
systematic  methods  of  field  work,  partly  by  calculation  and 
correction. 

lUustratioM.  Errors  due  to  imperfect  adjustment  oan  be  eliminated  by 
certain  systematic  methods  in  the  use  of  instruments,  such,  for  exami^. 
as  the  method  of  double  reverse  or  making  backsights  and  foresights 
equal  in  leveling.  Reading  both  verniers  on  a  transit  eliminates  error 
due  to  eccentricity.  Each  of  these  examples  illustrates  how  by  takmo 
dbmrvationM  in  pairs  a  plus  error  from  a  certain  source  of  oonstant  error 
may  be  offset  by  a  minus  error  from  the  same  source. 

Errors  in  chaming  due  to  temperature  can  be  calculated  and  corrected; 
,«?  cmn  errors  due  to  sag  and  piill,  though  it  is  better  to  prevent  them  by 
taking  proper  precautiona,     (See  Chapter  \ .) 
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(c)  Accidental  errors  cannot  be  eliminated,  but  they  follow  a 
mathematical  law, — the  law  of  probability, — according  to  which 
they  may  be  greatly  reduced  by  comparing  the  results  of  a  series 
of  measurements.     (See  p.  15.) 

23.  Relative  Importance  of  Errors  from  Different 
Sources.  It  is  evident  that  constant  and  cumulative  errors 
as  a  rule  are  more  important  than  accidental  and  compensating 
errors,  and  that  the  more  measurements  there  are  of  a  quan- 
tity the  less  the  mean  is  affected  by  accidental  errors.  Beyond 
this  it  is  difficult  to  make  any  general  statement.  Any  error 
large  enough  to  be  appreciable  should  usually  be  avoided  or  cor- 
rected but  appreciable  is  a  relative  term,  and  an  error  which 
is  appreciable  under  certain  conditions  is  inappreciable  under 
other  conditions.  Thus  for  example,  the  error  in  chaining  due 
to  changes  in  temperature  is  an  appreciable  error  provided  the 
precision  required  warrants  the  use  of  a  thermometer,  other- 
wise it  may  be  considered  inappreciable.  Errors  in  plane  sur- 
veying so  small  that  they  are  ignored  would  often  be  considered 
of  great  magnitude  in  geodetic  surveying. 

(a)  Remark  The  more  the  surveyor  knows  about  the  sources  and 
nature  of  errors  the  more  likely  he  is  to  judge  correctly  of  their  relative 
importance.  He  must  know  that  some  sources  of  constant  or  cumulative 
errors  are  more  important  than  others,  and  that  certain  errors,  though 
they  may  be  compensating,  are  not  to  be  ignored.  A  more  thorough  treat- 
ment of  these  questions  is  given  in  the  chapters  on  Errors  in  Linear  Meature- 
ment,  Errors  in  Angular  MeasurenierU,  and  Errors  in  Leveling. 

24.  Probable  Values  and  the  Adjustment  of  Measure- 
ments. Probable  values  are  found  from  observed  values. 
When  the  relations  between  observed  values  are  complicated  a 
knowledge  of  the  "theory  of  least  squares"  is  necessary.  Some 
simple  cases  which  frequently  occur  in  surveying  may  be  given, 
however,  without  entering  upon  that  subject. 

Ther6  are  two  general  cases,  viz.:  (1)  When  the  measure- 
ments are  of  one  and  the  same  quantity;  (2)  When  the  measure- 
ments are  of  different  but  related  quantities. 

(a)  Several  measurements  of  the  same  quantity.  The  most 
probable  value  of  the  quantity  is  the  arithmetical  mean  of  all 
the  measurements,  provided  the  measurements  are  made  vrith 
equal  care. 

lUustrationa.     Three   measurements    of   a   line    made    with   equal   care 
are  160.01, 160.1,  and  160.03.     The  most  probable  value  is  (160.01  + 160.1  + 
160.03)  -*-  3  « 160.047.     Four  measurements  of  an  angle  are  30°  29' ,  SQ°  ^V  ^ 
30°  31',  and  30°  30'.     The  moat  probable  value  \a  (,^0'*  7»  -Vi^^  ^V  -V^VS*  ^V' 
+30*>  3(y)-t-4^30°  30'  15'\ 
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(6)  Measurements  of  several  related  quantities.  When  quanti- 
ties are  related  because  of  two  or  more  conditions  which  they 
must  fulfill,  the  problem  of  finding  the  most  probable  values 
of  these  related  quantities  properly  belongs  to  the  "  theory  of 
least  squares."  When,  however,  there  is  only  one  condition 
fixing  the  relations  between  the  quantities,  the  most  probable 
values,  as  a  rule,  can  be  easily  found.  Two  cases  under  this 
head  which  often  arise  in  surveying  are:  (1)  when  the  sum 
of  several  measurements  should  equal  an  exact  quantity,  and 
(2)  when  the  sum  should  equal  some  other  measurement.  In 
the  first  case  the  difference  between  the  sum  and  the  exa^U 
quantity  is  a  true  error;  in  the  second  case  the  difference 
between  the  sum  and  a  measured  quantity  is  a  discrepancy. 

(c)  Case.  I.  When  the  sum  of  several  measurements  should 
equal  an  exact  quantity  distribvie  the  true  error  equally  among 
all  the  measurements.  The  results  wiU  be  the  most  probable 
values  of  the  measurements. 

Illustration.  The  three  angles  of  a  triangle  add  up  179°  S^.  The  exact 
quantity  fixing  the  relations  between  the  measurements  is  180°.  The  trae 
error  is  V  or  60".  Hence  add  to  each  of  the  three  angles  one  third  of  60", 
or  20". 

In  the  same  way  the  most  probable  values  of  the  interior  angles  of  any 
polygon  may  be  found  by  finding  the  true  error  of  their  sum  according  to 
the  rule  on  p.  119,  and  distributing  this  error  equally  among  all  the  angles. 
Notice,  however,  that  the  true  error  of  any  one  angle  is  not  known. 

(d)  Case  II.  When  the  sum  of  several  measurements  should 
equal  some  other  measurement  distribute  the  amount  of  the  dis- 
crepancy equxilly  among  all  of  the  measurements ^  including  that 
one  to  which  the  sum  should  he  equxd.  In  this  case  the  check 
measurement  (i.e.,  the  total  measurement)  cannot  be  exact, 
and,  if  all  the  measurements  are  made  with  the  same  care,  it 
is  likely  to  contain  an  error  equal  to  that  contained  in  each 
of  the  smaller  measurements.  //,  however,  the  correction  is 
added  to  each  of  the  smaller  measurements,  it  must  be  subtroA^ted 
from  the  total  measurement  and  vice  versa. 

(c)  Illustration.  If  in  the  illustration  of  Case  I  the  three  angles  had 
been  the  three  parts  of  a  fourth  angle  instead  of  the  three  angles  of  a 
triangle,  and  if  the  measured  value  of  the  fourth  angle  were  180°,  then 
180°  - 179°  59'  =  1'  =  60"  is  the  discrepancy.  The  correction  is  60"  ^  4  =  15" 
instead  of  20",  and  this  correction  is  added  t^  each  of  the  three  smaller 
angles  but  subtracted  from  the  total  angle.  The  most  probable  value  of 
the  latter  is,  therefore,  180° -15"  =  179°  59^  45". 

(/)  Illustration.  The  measured  value  of  an.  angle  is  40°.  When  diWded 
into  two  angles  the  measurements  are  respectively  24°  30'  and  15°  29'. 
The  discrepancy  is  40°  -  (24°  30'  + 15°  29')  =  1'  =  60".  Three  measurements 
of  equal  care  are  involved,  hence  the  correction  is  60" -f- 3  =  20"  and  the 
most  probable  values  are  24°  30'  20",  15°  29'  20",  and  39°  59'  40". 

(g)  Remark.  The  essential  difference  between  Case  I  and  Case  II  is 
t/iat  in  Case  I  the  quantity  used  as  a  check  has  a  true  vaVue  'w\^c\i  CQAUiQt 
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be  changed,  while  in  Case  II  the  check  value  is  itself  a  measurementt 
and  liable,  therefore,  to  contain  an  error  eaual  to  that  contained  in  each 
of  the  smaller  measurements.  The  method  in  Case  II  does  not  hold  for 
a  number  of  hnear  measurements  of  different  lengths. 

25.  The  Theory  of  Errors  or  Method  of  Least  Squares.* 

The  "method  of  least  squares"  is  a  method  of  determining 
the  most  probable  or  best  result  of  observations.  It  is  based 
on  the  assumption  that  accidental  errors  will  entirely  dis- 
appear from  the  mean  of  an  indefinitely  large  series  of  inde- 
pendent observations  of  the  same  quantity  made  under  pre- 
cisely the  same  conditions,  and  that  therefore  if  constant  errors 
are  eliminated  from  these  observations  the  arithmetical  mean  is 
the  most  probable  value  of  that  quantity.  In  practice,  how- 
ever, (1)  an  indefinitely  large  number  of  observations  cannot  be 
made,  (2)  no  two  observations  can  be  made  under  exactly  the 
same  conditions,  and  (3)  constant  errors  cannot  be  entirely 
eliminated.  It  follows,  therefore,  that  the  most  probable  value 
of  a  quantity  is  strictly  a  theoretical  value,  and  that  the  greater 
the  number  of  observations,  and  the  more  completely  constant 
errors  are  eliminated  from  these  observations,  the  nearer  the 
most  probable  value  of  a  quantity  will  approach  the  true  value 
as  a  limit.  It  never  reaches  this  limit  (or  if  it  did,  there  would 
be  no  means  of  knowing  it),  and  therefore,  no  matter  how 
accurate  the  observations  may  be,  the  probable  value  always 
contains  an  error. 

{a)  A  residual  is  the  difference  between  the  value  of  a  quan- 
tity as  obtained  by  a  single  observation  and  the  most  probable 
value  of  that  quantity  as  obtained  by  a  niunber  of  observations. 
In  any  given  case  there  are  as  many  residuals  as  there  are 
observations. 

(6)  The  probable  error  of  a  quantity  is  a  magnitude  such  that 
the  chances  are  even  that  the  true  error  contained  in  that 
quantity  is  greater  or  less  than  the  probable  error. 

lUvstration.  A  series  of  measurements  of  the  length  of  a  line  gives 
for  the  mean  or  most  probable  value  528.91  ft.,  and  the  probable  error 
of  that  mean,  determined  by  a  method  to  be  explained  later,  is  ±0.034  ft. 
This  means  that  it  is  an  even  wager  that  the  true  error  contained  in 
528.91  ft.  does  not  exceed  ±0.034  ft.  Notice  that  this  is  quite  different 
from  saying  that  the  true  error  does  not  exceed  ±0.034  ft. 

26.  Use  made  of  Most  Probable  Values  and  Probable 
Errors.     Most  probable  valves  are  used  in  surveying  for  the 

*  It  is  the  purpose  of  this  article  to  give  only  so  much  of  the  theory 
of  errors  as  may  be  needed  in  the  simple  cases  which  arise  in  plane  survey- 
ing.    For  a  more  comprehensive  treatment  ol  t\ie  «^^^o\"fccX  ^q.\nssvSJl\.  'sksr^ 
of  the  st^'Udsird  works  on  the  method  oi  least  8c\\ia.T^a, 
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adjustment  of  measurements,  and  probable  errors  to  indioate 
the  precision  of  measurements. 

Most  probable  value.  The  simplest  and  most  common  eases 
of  adjusting  measurements  by  finding  the  arithmetical  mean 
have  already  been  given  on  p.  13. 

(a)  Probable  error  of  the  mean.  Suppose  that  a  second  series 
of  measurements  of  the  length  of  the  line  in  the  preceding 
article  gives  528.94  ft.  for  the  mean  and  ±0.066  ft.  for  the 
probable  error  of  that  mean.  The  results  of  the  two  setH 
of  measurements  are: 

Most  probable  value  Probable  error 

528.91  ±0.034 

628.94  ±0.065 

The  probable  error  of  the  mean  of  all  the  measurements  in 
the  first  series  is  approximately  half  that  of  the  mean  as  deter- 
mined by  the  second  series.  This  indicates  that  the  precision 
of  the  first  result  (528.91)  may  be  regarded  as  twice  that  of 
the  second  (528.94). 

(b)  The  probable  error  of  a  single  observation  is  found  from 
the  residuals  of  a  number  of  observations,  as  explained  in  the 
next  article.  If  it  is  necessary  to  take  a  number  of  observa- 
tions in  order  to  determine  the  probable  error  of  a  single  ob- 
servation, why  not  be  content  to  determine  the  probable  error 
of  the  mean  of  all  the' observations  and  stop  there?  Of  what 
use  is  the  probable  error  of  a  single  observation?  The  answer 
is  that,  having  determined  the  probable  error  of  a  single  ob- 
servation under  given  conditions,  this  probable  error  indicates 
the  precision  which  may  be  expected  in  any  single  observation 
made  under  the  same  conditions. 

Illustration.  In  measuring  an  angle  a  number  of  times  the  probable 
error  of  a  single  observation  is  found  to  be  ±8''.  (See  p.  19.)  This 
means  that  for  any  other  angle  measured  by  the  same  observer  with  the 
same  transit  under  practically  the  same  conditions  a  probable  error  may 
be  expected  of  about  ±8".  If  'this  is  well  within  the  allowable  error, 
the  ot^rver  is  justified  in  proceeding  with  single  observations  of  all  angles 
that  can  be  measured  imder  the  given  conditions. 

(c)  Probable  errors  and  weights.  Probable  errors  afTord  a  means 
of  finding  the  weights  which  should  be  given  different  sets  of  ob- 
servations, for  it  has  been  found  that  the  weights  of  observa- 
tions vary  inversely  as  the  squares  of  their  probable  errors. 

lUuatration.  On  p.  19  the  probable  error  of  the  mean  of  the  first  bet  of 
observations  is 2.8",  and  of  the  second  set  4.6''.      Hence  the  weights  are 

*^  (278)2  ***  (T6)2'  ^^  **^°"*  as  3  to  1. 
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27.  To  Determine  Probable  Errors,  The  formulas  given 
helow  for  calculating  probable  errors  are  based  on  the  follow- 
ing assumptions: 

(1)  That  small  errors  are  more  frequent  than  large  ones. 

(2)  That  positive  and  negative  errors  are  equally  frequent. 

(3)  That  very  large  errors  do  not  occur. 

Additional  points  to  be  kept  in  mind  are:  (1)  Constant  errors 
must  be  eliminated  as  far  as  practicable;  (2)  Observations 
should  be  made  under  as  nearly  the  same  conditions  as  possible. 
(3)  At  least  three  observations  should  be  made.  If  there  are 
only  two  observations,  the  discrepancy  will  indicate  the  pre- 
cision as  truly  as  will  the  probable  error.  The  more  observa- 
tions there  are  the  more  significance  may  be  attached  to  the 
probable  error,  although  a  small  number  of  observations  will 
give  surprisingly  satisfactory  results  if  the  other  conditions 
already  mentioned  are  fulfilled. 

(a)  Remark.  The  student  is  warned  against  attaching  importance  to 
probable  errors  unless  he  is  reasonably  sure  that  the  above  conditions 
are  fulfilled,  especially  that  pertaining  to  the  elimination  of  constant 
errors.  Since  the  method  of  least  squares  is  based  on  the  arithmetical 
mean  as  the  most  probable  value,  and  since,  as  pointed  out  on  p.  10, 
constant  errors  cannot  be  eliminated  by  taking  the  mean  of  observations, 
the  more  completely  the  constant  errors  are  eliminated,  or  corrected,  the 
more  applicable  is  the  method  of  least  squares.  If,  for  example,  a  tape 
is  too  long,  all  measurements  made  with  it  will  be  too  short,  and  there 
is  no  magic  in  least  squares  which  will  correct  the  results.  The  probable 
error  in  this  case  loses  its  signi^cance  unless  each  of  the  separate  measure- 
ments from  the  mean  of  which  the  probable  error  is  derived  is  first  corrected 
for  the  constant  error  in  the  length  of  the  tape. 

28.  Formulas  for  Probable  Errors.* 

Let  n=the  number  of  the  observations; 

i;=the  difference  between  any  one  observation  and  the 
mean   of   all   the   observations,   i.e.,   the   residual 
error  (p.  15); 
E=the  probable  error  of  a  single  observation; 
£o  =  the  probable  error  of  the  mean  of  all  the  observations; 
J  =  a.  symbol  signifying  sum  of. 

Then/from  the  theory  of  least  squares, 

/"IV  0.6745     > , 

^a/AJL      or    ;-^==\/jV; (1) 

E  /      Tv^  0.6745      / — - 

^o=-7==0.67454/-^A^,    or       .- t^^-       (2) 

Vn  f    n(n— 1)  Vn{n  —  1) 

Let  Ip=s\im.  of  the  weights  and  i^o  the  probable  error  of  the 


^=0.6745. 


*  See  any  tret^tise  on  the  Theory  of  liCo,^  Sq;wire9% 
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general  or  weighted  mean;  then 

fio=0.6745i/_^ 
y   (re-DJ 


GO 


(n-l)i')> 

Let  i2«»the  probable  error  of  the  sum  or  difference  of  several 
independent  quantities  z,  Z\,  Z2t  .  .  .  Zn* 

r»  ^it^2, . . .  rn=the  probable  errors  of  2i,  22,  .  .  .  ^n,  respectively. 

Rm  =  VrHriHra^...  +r»2.      ....     (4) 

The  probable  error  of  a  product  Az,  where  A  is  a  known 

quantity,  z  an  observed  quantity,  and  r  the  probable  error  of 

Zf  is 

Rp^=Ah\    or    Rp  =  Ar (5) 

Let  iS^i =an  area  found  by  multiplying  together  the  measured 

sides  S  and  ^1; 
r  and  n  =  the  probable  errors  of  S  and  Si  respectively.     Then 

the  probable  error  of  the  computed  area  SSi  is 

Ra  =  ^ShJ+S^, (6) 

29.  Abbreviated  Methods.  In  applying  the  formulas  of 
the  preceding  article  approximate  values  will  often  be  all  that 
are  required.  For  this  purpose  the  two  following  equations  may 
be  substituted  for  equations  (1)  and  (2)  respectively: 


E= 


0.8453i'v 


(7) 


E^= 


0.84532-1? 


(8) 


Vn(n— 1)  ^  '  "     nVn—i 

When  there  are  only  two  observations  and  D  is  the  dis- 
crepancy between  them, 

E=0A7D  or  roughly  §Z)    and    ^0  =  0.337  or  roughly  §Z).     (9) 

In  formulas  (1)  and  (2)  work  may  be  saved  by  using  the 
coefl&cients  given  in  the  following  table: 


Single 

Series  of 

Single 

Series  of 

Observations, 

Observations, 

Observations, 

Observations, 

n 

0.6745 

0.6745 

n 

0.6745 
Vn-1 

0.6745 

Vn-1 

Vn(n-l) 

Vn(n-l) 

11 

0.2133 

0.0643 

2 

0.6745 

0.4769 

12 

0.2034 

0.0587 

3 

0.4769 

0.2754 

13 

0.1947 

0.0540 

4 

0.3894 

0.1947 

14 

0.1871 

0.0500 

5 

0.3372 

0.1508 

15 

0.1803 

0.0465 

6 

0.3016 

0.1231 

16 

0.1742 

0.0435 

7 

0.2754 

0.1041 

17 

0.1686 

0.0409 

8 

0.2549 

0.0901 

18 

0.1636 

0.0386 

9 

0.2385 

0.0795 

19 

0.1590 

0.0365 

10 

0.2248 

0.0711 

20      , 

1 

0.1547 

0.0346 
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A  table  of  squares  and  square  roots  greatly  facilitates  the 
work.  Other  tables  similar  to  that  given  above  will  be  found 
in  standard  text-books  on  least  squares. 

30.  Illustration  of  the  Method  of  Least  Squares  Applied 
to  Angles.* 


First  Observer 


No. 


1 
2 
3 
4 
5 
6 
7 
8 


Angle 


eO'^  20'  20" 
30 
10 
20 
40 
10 
20 
40 


V 


v^ 


4 

6 
14 

4 
16 
14 

4 
16 


16 

36 
196 

16 
256 
196 

16 
256 


Second  Observer 


No. 


8)190 


Iv^^988 


Mea-n  =60°  20'  24"- 

Vn(n-l) 
=0.0901_X(  ±31.4)=  ±2.8" 
E  =  Eo^7i  =  ±  2.8"  X  2.8  =  ±  8.0" 


1 
2 
3 
4 
5 
6 
7 
8 


Angle 

• 

V 

60°  20'  50" 

14 

21  00 

24 

20  40 

4 

20 

16 

30 

6 

10 

26 

2D 

16 

21  00 

24 

v 


196 
576 

16 
256 

36 
676 
256 
576 


En  = 


8)162  170 
Mean  =  60°  20'  36"  + 


^^2  =  2588 


>/n(n-l) 
=  0.0901  X  ( ±  50.9)  =  ±  4.6" 

E  =  Eo^=-  ±  4.6"  X  2.8=  ±12.9" 


Illustration.  The  results  given  above  were  obtained  by  two  different 
observers  using  different  transits.  The  probable  error  of  the  mean  in 
the  first  case  is  ±2.8",  while  in  the  second  it  is  ±4.6".  This  indicates 
that  the  relative  precision  of  the  work  of  the  two  observers  is  as  2.8  to 
4.6,  or  nearly  as  5  to  3. 

To  find  the  moat  probable  value  of  the  an^le  by  comparing  the  mean 
values  of  the  two  series  of  observations  it  is  necessary  to  weight  their 
mean  values.     Since  weights  are  inversely  proportional  to  the  squares  of 

probable  errors,  p.  16,  the  weights  are  as  -^-^  to  -r-— ,  or  nearly  as  3  to  1. 

24"  V?  -I-  ?fi"  V  1 

The  most  probable  value  is  60°  20' ±        ao-too    ax^^o  go'  27". 
The  probable  error  of  the  above  value  may  be  obtained  as  follows: 

±2.8"=ri  and   ±4.6"  =  r2,        i  =  X,  and  i  =  A^ 


2^"=-Zi  and  36"  =  Z2» 
From  (5)  j 


Prob.  error  of  ^iZi or 24X1  =  A,r,-(iX± 2.8") -±2.1"   -ftp, 


i4222or36Xi  =  >l2r2=(iX±4.6")=±1.15"  =  i2pi. 

The  probable  error  of  the  sum  of  (24"Xi)  +  (36"Xi)  is,  from  (4), 

i2«  =  Vftp24./gpj2=>/2.12+1.152=±2.4". 


*  For  an  illustration  of  the  method  of  least  nquares  applied  to  linear 
measiuBments,  see  p.  59. 


CHAPTER  III 
FIELD  NOTES 

In  this  chapter  are  given  the  general  directions  and  fluggestions  which 
hold  good  for  all  kinds  of  field  notes.  In  Chapter  XV  will  be  found  spNecial 
directions  for  keeping  the  notes  of  a  transit  survey,  and  also  some  illus- 
trations of  the  forms  in  common  use.  Forms  of  notes  for  stadia  survey- 
ing, topographic  surveying,  compass  survejdng,  and  leveling  are  given  in 
the  corresponding  chapters  on  those  subjects. 


31.  Field  Notes.     Field  notes  are  written  records  of  field 

work,  made  at  the  time  the  work  is  done;  not«s  made  afterwards, 
or  notes  copied  from  field  notes,  may  be  useful,  but  they  are 
not  field  notes.  Field  notes  must  be  as  complete  and  accurate 
as  i)ossible,  for  the  most  careful  and  reliable  field  work  will 
be  of  little  or  no  value  if  the  record  of  that  work  is  unreliable. 
That  is  why  engineers  often  prefer  to  keep  the  field  notes  them- 
selves rather  than  trust  them  to  a  less  experienced  assistant. 
The  student  must  realize  at  the  beginning  of  the  course  that  not 
only  is  recording  field  notes  as  important  as  any  part  of  the 
field  work,  but  it  is  perhaps  the  most  difficult  thing  he  will 
be  called  upon  to  do,  and  will  require  all  the  alertness,  care, 
accuracy,  and  intelligence  which  he  can  command. 

Note.  To  keep  field  notes  satisfactorily  one  must  have  had  long  ex- 
perience in  practical  work.  It  is  not  expected  that  the  student  can  do 
it  at  the  outset,  indeed  comparatively  few  men  in  actual  practice  are 
good  note-keepers,  but  this  is  all  the  more  reason  why  instructor  and 
student  alike  should  pay  special  attention  to  perfecting  the  student's 
ability  in  note-keeping. 

32.  Methods  of  Keeping  Notes.  Methods  of  note-keeping 
are  different  for  different  kinds  of  work,  and  will  be  given  in 
detail  as  the  work  may  require.  It  must  be  remembered,  how- 
ever, that  there  may  be  many  methods  equally  good  for  a  given 
kind  of  work,  that  an  engineer  must  choose  the  one  best  adapted 
to  his  needs,  and  that  as  a  rule  of  the  many  good  methods  in 
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oommon  use,  only  one  or  two  illustrations  are  given  in  this 
book  for  each  kind  of  work. 

SS*  Field  Notes — General  Suggestions. 

(1)  Use  a  good  note-book  that  will  stand  hard  usage. 

(2)  Use  a  hard  sharp  pencil — 3  H  or  4  H;  never  a  pencil 
soft  enough  to  blur. 

(3)  The  notes  should  read  from  left  to  right,  and  from  the 
bottom  up  as  in  working  drawings.  In  printing  vertically 
hold  the  right-hand  edge  of  the  book  towards  you. 

(4)  Trust  nothing  to  memory;  when  in  doubt  as  to  whether 
or  not  an  item  will  be  needed,  put  it  in. 

(5)  Constantly  ask  yourself  what  will  be  needed  in  your 
notes  in  the  office  work.  To  answer  this  you  must  know  the 
purpose  of  the  work;  if  it  is  a  survey  and  a  map  is  to  be  plotted 
from  the  notes,  what  the  map  is  to  be  used  for,  and  what,  there- 
fore, should  go  on  the  map;  if  leveling,  what  is  to  be  done  with 
the  data  obtained. 

(6)  If  a  page  of  notes  becomes  illegible,  make  a  copy  of  it 
while  the  data  are  fresh  in  mind,  but  mark  it  "COPY,"  and 
preserve  the  original  page. 

(7)  The  notes  of  a  survey  should  be  preceded  by  a  title-page, 
and  if  there  are  many  pages,  there  should  be  an  index.  At  the 
top  of  each  page  print  a  descriptive  title  so  that  one  can  tell  at 
a  glance  what  the  notes  on  that  page  are  about. 

(8)  Notes  should  be  signed  each  day  by  the  note-keeper. 

(9)  It  is  usually  desirable  to  at  least  indicate  all  the  numeri- 
cal work  of  the  calculations  and  reductions  made  in  the  field. 
If  the  numerical  work  itself  is  done  in  the  note-book,  it  should 
not  be  allowed  to  obscure  the  main  notes,  and  hence  it  is  often 
best  to  put  such  computations  on  separate  pages  and  cross>. 
reference  them.  This  does  not  mean  that  numerical  work  is 
to  be  scribbled  in  the  note-book  at  random;  on  the  contrary,  it 
should  be  kept  in  as  neat  and  systematic  a  manner  as  any  other 
portion  of  the  notes. 

34.  The  Three  Parts  of  Field  Notes.  Field  notes  like 
working  drawings  may  be  subdivided  into  three  parts: 

(1)  Numerical  values.  Records  of  all  measurements  (angles 
and  distances). 

(2)  Sketches.  Records  of  outlines,  relative  locations,  topo- 
graphic features. 

(3)  Explanatory  -notes.    All  notes  of  an  explanatory  nature 
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which  make  clear  those  sketches  and  numerical  values  that 
might  otherwise  be  obscure  or  misimderstood.  Also  data  that 
may  be  of  future  value,  such  as  names  of  the  surveying  party, 
any  special  or  unusual  conditions  under  which  the  work  was 
done,  equipment,  weather,  and  date. 
35.  Numerical  Values. 

(1)  Make  plain  figures.  Words  can  be  guessed  at,  but  not 
figures. 

(2)  Make  large  figures.  The  tendency  of  the  beginner  is  to 
make  his  numerals  too  small. 

(3)  Never  write  one  figure  on  top  of  another.  A  constant 
source  of  annoyance  and  error.  If,  for  example,  a  5  is  written 
and  then  a  7  on  top  of  it,  how  is  one  to  know  which  is  correct? 

(4)  Do  not  try  to  change  one  figure  into  another;  for  example 
a  3  into  a  5  or  a  2  into  a  3.     The  reason  is  obvious. 

(5)  Erasing.  Avoid  erasing.  Draw  a  line  through  an  incor- 
rect value  and  write  the  correct  value  directly  above  or  near 
by.  This  will  show  that  a  mistake  was  noticed  in  the  field  and 
corrected,  thus  giving  double  weight  to  the  corrected  value, 
while  erasing  or  changing  a  figure  leaves  the  impression  of 
"doctoring"  the  notes.  When  it  becomes  necessary  to  alter  a 
sketch  or  to  make  any  part  of  the  notes  clearer  erasing  is  justi- 
fiable, provided  nothing  is  lost  which  would  give  added  weight 
to  the  notes. 

(6)  Measurements  or  sketches.  If  measurements  are  put  di- 
rectly on  the  sketches,  make  it  clear  where  they  belong.  The 
use  of  dimension-lines,  as  in  working  drawings,  is  often  neces- 
sary. When  the  space  on  the  sketch  is  too  small  for  figures,  a 
measurement  may  be  placed  to  one  side,  and  an  arrow  drawn  to 
indicate  where  the  measurement  should  go. 

(7)  Recording  mea^surements.  In  recording  measurements  as 
they  are  being  taken  in  the  field  there  are  two  sources  of  trouble: 
(1)  Measurements  omitted  because  not  taken.  (2)  Measure- 
ments misunderstood  as  they  are  called  out. 

(1)  The  note-keeper  must  therefore  be  on  the  alert  to  see 
that  every  measurement  that  should  be  recorded  is  taken  and 
that  every  measurement  taken  is  recorded. 

(2)  The  note-keeper  should  repeat,  loudly  enough  to  be  dis- 
tinctly heard,  all  measurements  which  others  may  call  out  to 
him  to  record.  Measurements  not  taken  in  the  presence  of  the 
note-keeper  should  be  given  to  him  in  writing.     For  example. 
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if  the  note-keeper  is  busy  taking  transit  notes  and  the  chain- 
men  are  at  work  elsewhere,  they  should  report  all  measure- 
ments to  him  in  writing  at  the  first  opportunity. 

36.  Sketches. 

(1)  Scale.  Sketches  are  almost  never  made  to  scale;  in  fact 
it  is  usually  necessary  to  exaggerate  certain  portions  of  the 
sketch  for  the  sake  of  clearness. 

(2)  Make  sketches  large,  open,  and  clear.  Use  the  pages  of 
the  note-book  generously — they  are  cheap  compared  with  time 
wasted  in  deciphering  crowded  notes. 

(3)  Use  of  straight-edge.  Sketches  are  made  free-hand,  but 
frequently  time  may  be  saved  and  the  sketch  greatly  improved 
by  using  a  straight-edge  for  the  straight  lines.  A  small  triangle 
carried  in  the  pocket  will  be  found  useful. 

(4)  Angles.  The  protractor  is  seldom  used  in. the  field;  angles 
are  either  guessed  at  or  no  attempt  is  made  to  draw  them  true 
size. 

(5)  Exaggeration  of  details,  or  portions  of  a  sketch  drawn 
large?  size  at  one  side  of  the  main  sketch,  or  on  another  page, 
is  often  necessary. 

(6)  What  a  sketch  should  show  must  be  determined  on  the 
spot  by  the  note-keeper,  and  for  the  most  part  before  he  begins 
the  sketch. 

(7)  When  to  make  a  sketch.  In  general,  if  measurements  can- 
not be  easily  described,  or  if  the  description  (in  words)  of  a 
series  of  measurements  would  take  more  time  or  space  than 
would  be  required  for  a  sketch,  make  a  sketch.  Always  make 
a  sketch  when  it  will  settle  beyond  question  any  doubt  which 
otherwise  might  arise  in  the  interpretation  of  the  notes. 

37.  Explanatory  Notes. 

(1)  Object.  To  make  clear  that  which  is  not  perfectly  evi- 
dent from  numerals  and  sketches,  and  to  record  siich  informa- 
tion concerning  important  features  of  the  ground  covered  and 
the  work  done  as  might  be  of  possible  use  later.  In  addition, 
to  give  for  future  reference  names  of  party,  date,  weather, 
equipment,  and  special  conditions  under  which  the  work  was 
done. 

(2)  Lettering.  The  common  practice  is  to  print  notes,  using 
some  good  style  of  free-hand  lettering.  Compactness  and  legi- 
bility are  gained  by  such  lettering  well  done.  In  many  cases 
ordinary  handwriting  can  be  used  provided  it  is  as  legible  as 
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good    free-hand    printing.     One    method    used    for    free-hand 
lettering  is  given  in  the  next  article. 

(3)  Place  the  notes  in  vacant  spaces  where  they  will  not  in- 
terfere with  or  obscure  numerals,  dimension-lines,  or  sketches. 

(4)  When  needed.  Ask  yourself  in  a  given  case  if  the  dimen- 
sions you  have  put  down,  or  the  sketch  you  have  made,  could 
possibly  need  oral  explanation  should  some  one  else  use  tha 
notes.  If  in  doubt,  put  the  explanation  in  writing  in  the  notes 
themselves. 

38.  Free-hand  Lettering.  The  style  of  lettering  recom- 
mended for  field  notes  is  the  "single-stroke"  lettering.  It  is  a 
surprisingly  easy  system  to  learn,  and  it  is  especially  adapted 
to  rapid  note-taking  because  of  its  simplicity.  In  this  article 
the  essential  features  of  this  system  are  given  in  so  far  as  they 
apply  to  field  notes.  For  a  more  thorough  treatment  of  single- 
stroke  lettering  the  student  is  referred  to  an  excellent  little 
book  on  that  subject  by  Mr.  Charies  W.  Reinhardt.* 

The  student  is  urged  to  practice  until  he  can  letter  ahnost  as  rapidly 
as  he  can  write.  When  he  can  do  this  and  do  it  well  he  has  acquired 
something  of  great  value,  not  only  for  recording  field  notes  but  for  other 
lines  of  work.  Even  a  few  hours'  intelligent  practice,  in  which  the  direc- 
tion and  sequence  of  the  strokes  mre  carefully  observed,  will  yield  results  well 
worth  attaining. 

0000000000000000 

a  bodegbmoopqaeo 

Fia.  38(a). 

(a)  In  Fig.  38  (a)  it  is  seen  that  fifteen  of  the  lower-case  letters 
of  the  alphabet  can  be  formed  with  a  small  ellipse  as  a  basis; 
the  other  nine  can  be  formed  with  straight  lines.  This  method 
of  forming  letters,  however,  is  not  recommended,  but  is  in- 
serted here  as  introductory  to  a  method  somewhat  similar. 
In  Fig.  38  (6)  this  other  method  is  shown. 

(6)  The  methods  given  in  this  article  for  forming  inclined 
letters  hold  good  also  for  upright  letters.  Inclined  letters, 
however,  can  be  made  more  rapidly  and  with  greater  uniformity 
by  the  average  man.     In  Fig.  38  (6)  the  arrows  in  the  first 


♦  Mr.  Reinhardt 's  book  on  lettering  (Engineering  News  PubUshing  Co., 
New  York  City)  was  the  first  to  indicate  the  sequence  and  direction  of  the 
separate  strokes  by  arrows,  and  it  has  done  mucVi  to  VDapxove  \Tee-\:i&u^ 
lettering  amoDg  draftsmen  throughout  the  country. 
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and  fourth  lows  indicate  the  directions  of  the  strokes;    in 
the  second  and  fifth  lines  the  completed  letters  are  shown;    in 


adgq 
adgg 

hp 

bp 
t>p 

ce  06 
ceo  5 

hmnu 
hrrnw/ 

f  i*  J  *k  If  *i^  ^  ^"^w  »  yj  t 
f  i  J  k  1  r  f  V  w  X  y  z 
fijklrTywxy'L 

Fio.  38  (6). 

the  third  and  sixth  lines  incorrect  methods  of  forming  letters 
are  illustrated.  The  main  points  to  keep  in  mind  concerning 
the  different  letters  are  as  follows: 

(1)  The  i,  jf  I,  and  c  are  the  only  letters  made  with  one  con- 
tinuous stroke. 

(2)  The  strokes  in  each  letter  are  as  far  as  possible  downward. 
The  slope  of  the  main  stem  with  few  exceptions  is  about  1 
to  2J.    [For  height  of  letters  see  p.  29,  Art.  38  (/).] 

(3)  The  order  or  sequence  of  strokes  is  from  left  to  right, 
except  in  «,  u,  k,  x,  and  z. 

(4)  In  the  first  group,  a,  d,  g,  and  q,  the  only  difference  be- 
tween the  letters  is  in  the  third  stroke.  In  each  of  these  letters 
the  second  or  middle  stroke  is  flatter  than  the  first  in  order 
that  there  may  be  a  clear  space  between  the  second  stroke  and 
the  vertical  stem.  In  order  to  avoid  the  effect  shown  in  the 
third  row  which  comes  from  not  doing  this,  it  may  be  well  for 
the  beginner  to  exaggerate,  somewhat,  the  **hump"  in  the  first 
stroke  and  then  make  the  second  stroke  almost  straight. 

(5)  In  the  letters  b  and  p  the  oval  is  wider  at  the  top  than  at 
the  bottom. 

(6)  The  basis  of  each  of  the  letters  m  lYi^  Wvvc^  ^^wv^,  <^,  ^, 
o,  and  s,  is  an  inciined  ellipse.     The  e  is  nvade  V\\X\  Vno  ^\.^^^«^\ 
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if  made  with  one  it  is  apt  to  have  a  different  slant  from  the 
other  letters,  as  shown  in  the  third  line.  Notice  that  the  first 
stroke  of  the  s  is  started  in  the  opposite  direction  from  that 
naturally  exp>ected.  Some  draftsmen  prefer  to  make  the  8  in 
two  strokes  instead  of  three  as  shown  in  the  supplementary  a. 
The  o  is  made  with  two  strokes  each  of  which  should  begin  and 
end  almost  horizontally  in  order  that  the  two  strokes  may  meet 
in  a  smooth  curve  and  not  in  a  sharp  apex;  this  also  gives 
proper  width  to  the  o  without  making  it  round. 

(7)  In  the  letters  of  the  fourth  group,  h,  m,  n,  and  u,  the 
first  effort  should  be  to  get  the  vertical  strokes  parallel.  The 
second  stroke  in  h,  m,  and  n  should  not  be  started  too  far  up 
the  first  stroke,  and  it  should  make  almost  a  sharp  turn  at  the 
upper  corner.  The  first  stroke  should  not  begin  with  a  curve. 
Notice  that  the  third  stroke  of  the  u  is  at  the  bottom,  the  other 
two  strokes  being  made  first  to  secure  parallelism  and  proper 
width  of  letter. 

(8)  In  the  letters  g,  q,  b,  p,  /,  I,  and  y  the  portion  above  or 
below  the  main  body  of  the  letter  is  a  little  less  than  one  half 
the  total  height  of  the  letter;   in  the  letter  t  it  is  still  less. 

(9)  In  the  letter  k  the  third  stroke  does  not  start  at  the  ir- 
tersection  of  the  other  two.  Make  the  second  stroke  strike 
pretty  near  the  bottom  of  the  first  and  begin  it  well  to  the  right 
so  that  the  letter  will  not  be  too  narrow.  Notice  that  the 
second  stroke  of  the  r  is  upward. 

(10)  In  the  letters  v,  w,  x,  and  y  make  the  strokes  in  one 
direction  almost  vertical,  and  the  strokes  in  the  opposite  direc- 
tion at  a  considerable  slant,  so  that  the  main  axis  of  the  letter 
may  have  the  slope  corresponding  to  that  of  other  letters.  The 
intersection  of  the  two  strokes  in  x  is  a  little  more  than  half- 
way up. 

(11)  In  the  letters  k,  v,  w,  x,  y,  and  z  make  the  angles  at  the 
intersection  of  lines  clear  and  sharp. 

(12)  In  the  letters  g,  j,  and  y  the  stroke  extending  below 
the  line  is  straight  until  just  at  the  end  it  turns  sharply  to  the 
left,  forming  a  small  hook. 

(13)  The  cross-strokes  in  the  /  and  t  are  on  a  line  with  the 
tops  of  most  of  the  other  letters. 

(c)  Good  numerals  are  even  more  important  than  good 
letters  in  field  notes:  they  must  be  made  unmistakable.  The 
main  points  to  be  kept  in  mind  are: 
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(1)  Make  figures  somewhat  larger  than  lower-case  letters. 
Reinhardt  gives  the  height  equal  to  that  of  capital  letters, 
but  this  is  rather  large  for  field  notes.     [See  Art.  38  (/).] 

(2)  In  the  2  the  down  curve  is  reversed  and  the  base  is  straight. 
Avoid  the  effect  shown  in  the  third  line.     Some  draftsmen  pre- 

2  3^  8 

./..  .2.  .3....-4  .5  .6  ...7-5  .  ^-,-(2. 

Fig.  38(c). 

fer  an  abrupt  turn  or  angle  in  the  down-stroke  as  shown  in  the 
supplementary  2. 

(3)  Of  the  two  kinds  of  3's  that  with  its  upper  line  hori- 
zontal and  straight  is  perhaps  the  easier  to  make.  The  lower 
loop  should  begin  with  a  sharp  turn  upward,  and  its  height 
should  be  more  than  half  the  total  height  of  the  numeral. 

(4)  Of  the  two  kinds  of  4's  that  shown  in  the  top  row  seems 
to  be  preferred.  The  first  stroke  begins  at  about  45°,  and 
should  extend  more  than  half-way  down  the  figure  before  turn- 
ing into  the  horizontal,  otherwise  the  top  of  the  4  will  be  too 
small  as  shown  in  the  third  line. 

(5)  In  the  5  the  first  stroke  should  turn  abruptly  about  two 
fifths  of  the  way  down,  and  extend  almost  horizontally  for 
quite  a  little  distance;  it  really  curves  slightly  above  the  hori- 
zontal to  form  the  upper  portion  of  a  loop  similar  to  that  of 
the  3.  The  second  is  straight  and  horizontal;  make  it  fairly 
long. 

(6)  In  the  6  the  tendency  is  to  make  the  lower  loop  too 
small. 

(7)  The  7  is  formed  by  two  straight  lines, — no  curves, — with 
the  down-stroke  at  about  45®. 

(8)  In  pencil  the  8  is  best  made  with  two  strokes.  Some- 
times it  is  convenient  to  form  it  with  two  ovals,  the  upper  one 
being  the  smaller.  In  inking,  the  pen  is  lifted  where  the  second" 
stroke  crosses  the  first. 
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(9)  The  9  is  an  inverted  6,  but  the  uf^ier  lo(^  is  neariy  fin- 
idied  with  one  i^troke.  The  tendency  is  to  make  the  loop  too 
small. 

(10)  The  0  is  made  with  two  strokes  ea4rh  of  which  begins 
and  ends  almost  horizontally  to  give  smoothness  to  the  curve 
and  width  to  the  whole  numeral  without  making  it  round. 

SaU.  The  stodent  mi^r  find  that  in  keeping  field  notes  in  pencil  some 
<rf  the  numerals  made  in  FIs-  38  (c>  with  two  or  more  stndces  can  be  made 
in  one  stroke.  In  making  figures  in  ink.  hoirpver.  he  will  get  better  ze> 
£ult8  to  follow  the  strokes  as  given. 


IF'  >F '/¥  f  M- V^ 'IW 'li 


.E..E.M.I..K.LMM.J...1. 

.M.:m.MML:¥.&i?:.^.. 

..A Y..W..X.Y.B.EJl.^ 

..A...K.M..X Y..a..E.F... 

..C....&..Q..Q..S...J.-.M^^ 
..C..L1...Q.Q.3...J..--D.M... 


Fig.  38  (rf). 

id)  Capital  letters  are  shown  in  Fig.  38  (d).  Many  of  the 
directionH  already  given  for  the  lower-case  letters  apply  to 
the  capital  letters  also.  Some  additional  points  are  as 
follows:    " 

(1)  The  height  of  capital  letters  is  not  quite  double  that  of 
lower-case  letters.     [See  Art.  38  (/).] 

(2)  The  width  of  most  of  the  capital  letters  is  about  equal 
to  the  height  of  lower-case  letters. 
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(3)  The  third  or  horizontal  stroke  in  E,  F,  and  H  is  slightly 
more  than  half-way  up.  This  is  true  also  of  the  middle  hori- 
zontal line  of  B  and  the  corresponding  lines  of  P  and  of  R. 

(4)  The  second  stroke  in  L  and  in  T  is  comparatively  short. 

(5)  In  A,  V,  W,  X,  and  Y  the  chief  difficulty  is  in  getting 
the  axis  of  the  letter  at  the  standard  slope.  This  is  accom- 
plished by  making  certain  lines  almost  vertical,  and  opposite 
lines  at  a  correspondingly  greater  slant,  as  shown  in  the  figure. 
The  horizontal  stroke  in  A  is  quite  near  the  bottom.  • 

(6)  The  width  of  M  and  of  W  is  greater  than  the  width  of 
other  letters.  The  second  and  third  strokes  of  the  M  meet  in 
a  point  above  the  bottom  line  of  the  letter. 

(7)  The  letters  C,  G,  O,  Q,  and  S  are  based  on  the  ellipse. 
The  tendency  is  to  make  these  letters  too  wide. 

(8)  In  practicing  lettering  observe  carefully  the  order  and 
direction  of  the  strokes,  which  are  for  the  most  part  down- 
ward and  from  left  to  right,  and  notice  what  errors  to  avoid 
as  illustrated  in  the  lines  3,  6,  and  9. 

(e)  Spacing  the  letters.  Crowd  the  letters  close  together  and 
thus  compress  words  into  small  space,  otherwise  one  of  the 
chief  advantsiges  of  lettering  will  be  lost.  The  tendency  is  to 
make  letters  too  wide  and  too  far        /         *.  . 

apart.     To  make  narrow  compressed       Z^w#/6f  5  QlOo 
letters  seem  large  and  clear  increase 

the  height.     Thus,  for  example,  in       leffefSC/OJe  tOgefheF 
Fig.  38  (e)  the  third  line  takes  "^^       i  ji  / 

more    space    lengthwise    than    the      wtlCrj  CIQ56  tiyCtflSF 
second,  but  the  words  are   clearer  ^iq   38  (c) 

because  the  height  of  the  letters  is 

greater.     The  first  line  illustrates  how  space  may  be  wasted 
by  not  compressing  the  letters. 

(/)  Height  of  letters.  A  good  height  for  lower-case  letters 
is  ^",  the  height  of  numerals  being  slightly  greater.  This 
makes  the  height  of  capital  letters  a  little  less  than  J".  The 
effect  when  these  heights  are  used  may  be  judged  by  the  field 
notes  shown  in  Chapter  XV. 

39.  Final  Suggestions  on  Taking  Notes.  Remember 
that  the  extra  time  required  in  making  field  notes  plain  will 
probably  be  saved  when  the  notes  are  plotted.  Never  let  any- 
thing appear  in  the  notes  that  can  be  misunderstood  or  misin- 
terpreted, especially  numerals.     Usually  there  will  be  more  to 
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the  notes  for  a  given  portion  of  the  work  than  at  first  appears; 
the  sketch  will  grow  more  complicated  and  there  will  be  un- 
expected dimensions  to  be  recorded;  make  a  generous  allow- 
ance for  this  in  starting  a  page  of  notes  so  that  they  will  not 
become  crowded.  In  level  notes  and  in  most  of  the  forms 
of  transit  notes  it  is  better  to  omit  every  other  line,  thus  leav- 
ing room  for  corrections.  Be  neat  and  systematic  in  keeping 
notes  for  field  work,  and  the  habits  thus  formed  will  be  of  great 
value  in  many  other  lines  of  work. 

40.  Special  Directions  for  Class  Work. 

(1)  A  *' party  note-book"  will  be  furnished  for  each  party. 
Each  student  is  expected  to  keep  the  notes  of  the  party  of 
which  he  is  a  member  '* copied  up"  in  his  own  note-book,  this 
book  to  be  a  duplicate  of  the  party  book.  Copy  everything, 
including  mistakes  and  their  corrections.  Do  not  copy  the 
notes  of  other  parties. 

(2)  Pages  should  be  numbered  to  correspond  to  those  in  the 
party  note-book. 

(3)  In  beginning  the  notes  of  a  survey  allow  a  few  pages  for  a 
title  and  an  index. 

(4)  In  a  closed  survey  the  notes  should  be  preceded  by  a 
sketch  showing  all  transit  lines  with  the  letters  or  numbers  of 
each  station.  (See  p.  390.)  This  sketch  should  be  completed 
as  fast  as  stations  are  established. 

(5)  Print  a  descriptive  title  at  the  top  of  each  page.  This 
title  may  extend  across  the  tops  of  two  opposite  pages. 

(6)  Each  page  in  the  party  note-book  should  be  dated  and 
signed  by  the  note-keeper  as  the  work  progresses. 

(7)  The  notes  in  the  party  note-book  should  be  inspected 
each  day  by  the  instructor  in  charge  of  the  party.  Students 
should  not  copy  notes  on  any  page  which  is  not  marked  "In- 
spected" and  signed  by  the  instructor. 

(8)  Do  not  *' scribble"  in  either  the  party  note-book  or  your 
own  note-book:  carry  a  scribbling-pad  in  the  pocket. 


CHAPTER  IV 
CHAINING 

In  this  chapter  are  given  general  directions  for  the  use  of  the  steel  tape ; 
many  of  them  apply  equally  well  to  the  use  of  the  surveyor's  chain.  For 
a  deBcription  of  different  chains  and  tapes,  and  for  the  methods  of  repair- 
ing^and  standardizing  tapes,  consult  the  chapter  on  "Chains  and  Tapes" 
in  Part  III. 


41.  Chaining.  A  term  which  originally  meant  measuring 
with  a  chain,  but  as  now  used  it  denotes  measuring  with  either 
the  chain  or  the  tap>e. 

42.  Importance  of  Chaining.  Linear  measurement  is  the 
basis  of  all  surveying.  No  matter  how  accurately  angles  may  be 
measured  the  survey  can  be  no  more  accurate  than  the  chaining. 
Not  only  students  but  chainmen  in  actual  work  are  apt  to 
look  upon  chaining  as  drudgery  calling  for  no  special  ability. 
As  a  matter  of  fact  wide-awake,  careful  chainmen  are  scarce 
and  are  valued  accordingly.  It  is  not  easy  to  avoid  mistakes, 
nor  is  it  a  simple  thing  to  chain  a  line  when  great  swjciuracy  is 
required.  To  chain  a  line  twice  and  get  the  same  result  is  no 
indication  of  great  accuracy  unless  certain  constant  errors 
have  been  eliminated.  (See  Chapter  V.)  It  is  worth  while, 
therefore,  to  study  the  subject  of  chaining  carefully,  especially 
anything  that  will  help  to  avoid  mistakes  and  eliminate  errors. 

43.  Care  of  the  Steel  Tape.  Steel  tapes  are  easily  broken. 
The  chief  danger  is  in  pulling  on  the  tape  when  there  is  a  loop 
or  kink  in  it ;  consequently  guard  against  this.  Do  not  jerk 
the  tap>e  needlessly,  or  step  on  it  when  it  is  on  soft  ground,  or 
allow  vehicles  to  run  over  it,  or  bend  it  into  sharp  comers.  If 
the  tape  gets  wet,  wipe  it  dry  before  putting  it  away. 

44.  To  Do  Up  a  Steel  Tape  in  a  Figure  8.  If  a  steel  tape 
is  gathered  in  in  five-foot  lengths  without  being  allowed  to  turn 
oveVf  it  will  fall  of  itself  into  concentric  folds,  and  after  the 
tape  is  all  in,  these  folds  may  be  crossed  and  tied  at  the  center, 
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forming  a  figure  8.  This  is  a  very  convenient  form,  and  in 
some  respects  it  is  better  than  winding  the  tape  on  a  reel.  Any 
quick  method  of  bringing  the  five-foot  marks  together  in  one 
hand  may  be  used.  The  following  is  recommended:  Stretch 
the  tape  straight  on  the  ground  its  entire  length.  Stand  at 
one  end  squarely  facing  the  tape,  so  that  you  look  along  its 
length.  Take  the  end  of  the  tape  in  the  right  hand,  palm  of 
the  hand  up,  and  swing  the  right  hand  behind  you,  pulling  the 
tape  through  the  left  handy  held  palm  up.  As  each  five-foot 
mark  comes  along,  the  left  hand  seizes  it  and  lays  it  over  the 
palm  of  the  right  hand  without  permitting  the  tape  to  tarn  over^ 
The  right  hand  closes  on  it  and  swings  behind  for  another 
five-foot  length,  and  thus  the  tape  is  gathered  in  in  five-foot 
lengths.  The  swing  behind  is  about  as  long  as  the  average 
man  can  take  readily.  Once  the  knack  is  acquired  it  is  hardly 
necessary  to  watch  for  the  five-foot  marks,  and  the  whole  thing 
is  done  very  rapidly. 

45.  To  Undo  a  Steel  Tape  (when  it  is  in  a  figure  8). 
Hold  in  one  hand  and  let  out  in  five-foot  lengths,  one  ai  a  time, 
the  reverse  of  doing  it  up.  Attempting  to  let  it  out  all  at  once 
will  almost  surely  result  in  an  annoying  tangle. 

46.  To  Do  Up  a  Chain.  Beginning  at  the  middle,  fold  up 
the  doubled  chain,  taking  hold  of  two  links  at  a  time  with  one 
hand  and  laying  each  pair  obliquely  across  the  others  so  that 
the  chain  will  have  an  hour-glass  shape,  easy  to  strap  up  and 
carry. 

47.  To  Undo  a  Chain.  Take  the  handles  together  in  the 
left  hand  and  the  rest  of  the  chain  in  the  right  hand,  allowing 
a  few  links  nearest  the  handle  to  drop  off.  Throw  the  chain 
in  a  direction  opposite  to  that  in  which  the  chaining  is  to  be 
done.  The  chain  should  straighten  out  doubled.  As  the  head 
chainman,  taking  one  end  of  the  chain,  proceeds  along  the  line 
every  link  of  the  chain  passes  the  rear  chainman,  who  is  thus 
able  to  detect  and  straighten  all  links  that  are  bent. 

(a)  Remark.  In  doing  up  the  chain  Pome  surveyors  prefer  to  begin 
at  the  end  of  the  chain  instead  of  the  middle,  folding  up  two  links  at  a 
time  as  before.  In  this  case  the  chain  may  be  undone  by  simpiv  layinK 
it  down  at  the  starting-point,  the  head  chainman  taking  the  handle  wnicE 
is  on  top  and  walking  towards  the  further  end  of  the  line,  while  the  rear 
chainman  allows  the  chain  to  slip  through  his  hands  examining  the  links 
as  before.  This  method  saves  the  wear  and  tear  on  the  chain  that  comes 
from  throwing  it  out. 

48.  To  Read  a  Tape.  The  easiest  tape  to  read  is  one  that 
is  graduated  continuously,  the  numbers  starting  from  zero  at 
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one  end  and  increasing  in  one  direction  only.  If  all  tapes 
were  thus  numbered  and  if  each  foot  of  the  tape  were  subdivided, 
many  mistakes  would  be  avoided  and  the  somewhat  ^borate 
precautions  outlined  in  the  succeeding  articles  would  be  un- 
necessary. Many  tapes,  however,  are  numbered  from  each  end 
towards  the  middle  to  correspond  to  the  numbering  on  chains. 
This  gives  rise  to  the  common  mistake  of  reading  from  the 
wrong  end,  as,  for  example,  reading  40  ft.  instead  of  60  ft. 
When  every  fifth  foot  of  the  tape  is  numbered,  even  though 
the  numbers  run  in  one  direction  only,  the  mistake  of  reading 
on  the  wrong  side  of  a  number  is  often  made,  as,  for  example, 
41  ft.  instead  of  39  ft.  Unless  every  foot  is  numbered,  there- 
fore, make  this  an  inviolable  rule:  Read  the  number  on  each 
side  of  the  required  reading.  For  example,  in  the  mistake  just 
mentioned  the  chainman  noticed  that  the  reading  was  1  ft. 
from  the  mark  numbered  40,  and  jumped  to  the  conclusion 
that  the  reading  was  41;  if  he  had  read  the  number  on  the 
other  side  (i.e.,  35)  he  would  have  seen  that  the  reading  was 
between  35  and  40  and  thus  have  corrected  his  mistake. 

The  use  of  tapes  in  which  only  the  end  foot  is  subdivided 
gives  rise  to  other  mistakes  which  are  avoided  only  by  taking 
precautions  similar  to  those  outlined  in  Art.  50  (a). 

49.  To  Read  a  Chain.  If  the  chain  is  a  66-ft.  chain  (Gunter's 
chain)  measurements  are  made  in  chains  and  links,  but  as  each 
hnk  is  7^  of  a  chain  the  links  are  recorded  as  decimal  parts 
of  a  chain.  Thus,  8  chains  and  39  links  is  8.39  chains,  and  8 
chains  and  8  hnks  is  8.08  chains,  not  8.8  chains. 

When  100-ft.  chains  are  used  measurements  are  kept  in  feet 
as  usual.  Mistakes  of  reading  in  the  wrong  direction  should 
be  avoided  by  reading  the  number  each  side  of  the  required 
reading. 

(a)  Remark.  Chains  are  heavy  and  clumsy,  difficult  to  stretch  tight 
and  straight,  change  their  length  rapidly  from  wear,  and  are  at  the  best 
only  good  for  comparatively  rough  measurements.  Tapes  are  now  made 
of  such  strength  and  durability  that  even  in  rough  country  they  will  hold 
their  own  with  chains,  and  it  is  only  a  question  of  time  when  they  will 
probably  replace  them  altogether. 

$0.  General  Method  of  Chaining.  The  two  chainmen 
are  called  head  chainman  and  rear  chainman.  In  ordinary 
work,  however,  whichever  chainman  happens  to  be  nearer  the 
point  towards  which  the  chaining  is  being  done  acts  as  head 
chainman.    The  method  of  chaining  depends  upon  whethet 
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the  distance  to  be  measured  is  less  or  greater  than  the  lenglli 
of  the  tape. 

(a)  Measurements  less  than  the  length  of  the  tape.  If  the  tape 
is  graduated  continuously  from  zero,  every  foot  being  subdi- 
vided into  tenths,  no  special  directions  are  required.  Which- 
ever chainman  has  the  zero  end  of  the  tape  holds  it  at  one 
point  and  the  other  chainman  reads  the  tape  at  the  other  point. 
In  many  tapes,  however,  although  the  foot  at  each  end  of  the 
tape  is  subdivided,  there  are  no  subdivisions  in  the  interme- 
diate  feet.  Suppose  it  is  desired  to  measure  a  distance  from  A 
to  B  which  is  less  than  the  length  of  such  a  tape.  One  chain- 
man  holds  the  zero  end  at  A,  the  other  chainman  notes  which 
even  foot-mark  is  just  beyond  B,  and  holds  that  mark  at  B, 
calling  out  what  it  is.  The  tai)e  is  tightened  and  the  zero  is 
no  longer  at  A,  The  first  chainman  mentally  subtracts  a  foot 
and  adds  the  tenths,  reading  the  tenths  not  from  the  end  of  the 
tape  but  from  the  first  foot-mark.  The  important  thing  to 
notice  is  that  the  final  reading  is  made  by  the  chainman  who 
is  at  the  end  of  the  tape.  As  he  calls  out  the  final  reading, 
the  other  chainman  must  listen  to  make  sure  that  a  foot  has 
been  subtracted  from  the  reading  which  he  first  gave,  and  if  it 
has  been,  lie  calls  out  *'A11  right." 

(6)  Illustration.  The  distance  from  A  to  B  in  60.8  feet.  One  chain- 
man  holdfl  the  zero  at  A.  The  other  chainman  finding  that  the  61  foot- 
mark falls  just  l>eyon(l  B,  holds  that  mark  at  B  and  calls  out  "61."  The 
first  chainman  pulls  back  the  tape  until  it  is  ti^ht,  finds  that  A  is  ei^t 
tenths  from  the  first  foot-mark  (not  from  the  end  of  tape  or  aero),  men- 
tally subtracts  a  foot  from  61  and  calL^  out  "()0.8."  The  other  chainman, 
noticing  that  a  foot  has  been  subtracted  from  his  own  reading  of  61,  caUs 
out  "All  right." 

(c)  Note.  Students  are  urged  to  follow  out  precisely  the  directions 
just  given.  There  are  other  methods,  of  course,  but  unless  some  one 
method  is  adopted  and  always  used,  there  Ls  sure  to  be  trouble.  If  the 
chainman  at  the  end  of  the  tape  always  gives  the  final  reading,  no  question 
arises  as  to  whether  the  tenths  are  to  be  added  or  subtracted.  Si4>poeet 
for  example,  in  the  preceding  illustration  the  chainman  at  the  end  simply 
calls  out  "Eight  tenths'';  if  the  other  chainman  has  to  make  the  final 
reading,  he  may  think  that  it  is  eight  tenths  from  the  end,  or  ei^t  tenths 
**oS,"  and  will  then  read  60.2  instead  of  60.8.  Remember,  then,  that  it 
Lb  tfie  chainman  at  the  end  of  the  tape  who  makes  the  final  reading,  and 
that  it  is  understood  that  the  other  chainman  never  subtracts  a  fooiloeion 
calling  out  the  even  foot-reading. 

(d)  Remark.  It  will  be  noticed  that  nearly  every  precaution  in  read- 
ing the  tape  thus  far  mentioned  would  be  unnecessary  if  every  foot  on 
the  tape  were  numbered,  and  if  each  foot  were  subdivided.  The  first 
cost  of  such  a  tape  is  greater,  but  in  the  end  this  is  more  than  made  up 
by  the  time  saved  and  the  mistakes  avoided. 

(e)  Measurements  greater  than  the  length  of  the  tape.  In  chain- 
ing between  two  points  when  the  distance  is  greater  than 
the  length  of  tape,  three  things  must  be  kept  in  mind:  (1)  The 
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cbaining  must  be  done  in  as  direct  a  line  as  possible:  (2)  The 
point  where  the  end  of  the  tape  comes  each  time  must  be. care- 
fully marked;  (3)  The  tape  must  be  stretched  straight  and 
tight  each  time.  Any  method  may  be  used  that  accomplishes 
these  things  without  loss  of  time.  It  is  customary  for  the 
rear  chainman  to  line  the  head  chainman  in  every  time  he 
moves  ahead,  although  in  very  accurate  work  this  is  done  from 
the  transit.  Chaining-pins  are  ordinarily  used  to  mark  the 
points  at  the  end  of  the  tape;  for  accurate  work  stakes  may 
be  set  and  a  tack  or  a  knife-mark  on  the  stake  used  to  indi- 
cate the  exact  point.  The  chainmen  should  agree  upon  some 
set  of  signals  similar  to  those  used  in  the  following  illustration. 

(/)  lUuatration.  Required  to  chain  from  A  to  B,  distance  634.3  feet 
with  a  100-foot  tap>e.  Rear  chainman  (R.C.)  holds  the  zero  end  of  the 
tape  at  A  and  motions  the  head  chainman  (H.C.)  into  line  with  a  pole 
held  or  set  at  B.  R.C.  sees  that  the  tape  is  straight  and  tight,  and  calls 
out  "Stick,"  or  "All  right,"  and  H.C.  '^sticks"  the  pin  at  the  end  of  the 
tape  and  calls  out  "Stuck."  R.C.  drops  his  end  of  the  tape  and  H.C.  moves 
on,  dragging  the  tape  after  him  and  keeping  himself  approximately  in 
line  by  lookmg  back  at  A  over  the  pin  already  set.  When  the  zero  end 
of  the  tape  reaches  the  pin,  R.C,  who  is  following,  calls  out  "Chain,"  a 
signal  for  H.C.  to  stop.  R.C.  then  holds  the  zero  at  the  pin  and  the  process 
is  repeated.  The  short  distance  from  the  last  pin  to  the  station  (34.3  feet) 
is  measured  according  to  the  method  of  paragraph  (a).  Counting  the 
last  pin  that  was  set,  the  rear  chainman,  if  he  gathered  up  the  pins  as 
he  went  along,  should  have  six  pins,  which  tells  him  that  up  to  that  point 
the  tape  was  stretched  six  times,  or  it ;"  600  feet. 

51.  End  Graduation.  It  is  sometimes  uncertain  just  what 
points  of  a  tape  to  take  for  its  ends.  For  example,  the  foot 
at  each  end  may  or  may  not  include  the  handle.  To  find  out, 
compare  with  some  intermediate  foot  of  the  tape. 

52.  Setting  tlie  Chaining-pins.  Stick  the  pin  in  the 
ground  slanting,  at  right  angles  to  the  line,  so  that  it  slides 
under  the  tape,  with  its  center  opposite  the  graduation-point  on 
the  tape.  On  the  whole  this  is  better  than  sticking  a  pin  with 
its  edge  against  the  end  of  the  tape  or  opposite  a  graduation. 

53.  Chaining  on  a  Slope.  In  measuring  a  slope  there  are 
two  ways  of  getting  the  horizontal  distance,  which  is  the  dis- 
tance usually  required  in  surveying:  (1)  To  measure  along  the 
slope  and  correct  this  measurement  by  calculation;  (2)  To 
take  such  precautions  that  the  tape,  instead  of  resting' on  the 
groimd,  will  be  horizontal  every  time  it  is  stretched  for  a  measure- 
ment. 

(a)  First  method.  The  calculated  correction  for  slope.  If  c 
is  the  difference  between  the  length  on  a  slope  and  the  horizon- 
tal projection,  d  the  difference  in  elevation  of  the  two  ends  of 
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the  slope,  and  s  the  length  of  the  slope,  then  approximately 

Or  if  the  angle  x  which  the  slope  makes  with  the  horizontal 
is  known,  then  the  horizontal  projection  of  the  slope  is  «  cos  x, 

(6)  Second  method.  Chaining  with  tape  horizontal.  Usually 
it  is  easier  and  better  to  chain  down-hill  than  to  chain  up-4iilL 
The  up-hill  end  of  the  tape  is  held  on  the  ground;  the  down-hill 
end  is  held  high  enough  off  the  ground  to  make  the  tape  hori- 
zontal, and  the  point  on  the  ground  under  the  down-lull  end  iz 
found  by  using  the  plumb-bob.  The  process  is  repeated  in  a 
series  of  steps,  the  tape  corresponding  to  a  tread,  and  the  plumb* 
line  to  a  riser.  Chaining  up-hill  is  the  reverse  of  this  process, 
but  it  is  more  difficult.  In  either  case  there  is  but  one  good 
way  of  holding  the  down-hill  end  of  the  tape.  Stand  with 
one  side  of  the  body  towards  the  other  chainman,  the  tape 
passing  across  in  front  so  that  when  it  is  stretched  the  hand 
and  arm  holding  the  tape  are  pulled  against  the  other  side 
of  the  body.  In  this  way  the  weight  of  the  body  resists  the 
pull,  steadies  the  end  of  the  tape,  and  leaves  one  hand  free  to 
manipulate  the  plumb-line. 

(c)  Practical  suggestions.  Use  short  lengths  of  the  tape,  the  steeper 
the  slope  the  shorter  the  length;  on  very  i<teejp  slopes  use  ten-loot  lengths 
or  shorter.  Dropping  pebbles,  chain-pins,  or  plumb-bob  from  the  raised  end 
of  the  tape  to  fina  the  point  underneath  will  give  only  approximate  results. 
The  transit-pole,  held  vertical  by  means  of  a  plumb-line,  is  sometimes 
used.  Accurate  results  may  be  oDtained  by  driving  stakes  in  line,  short 
distances  apart,  and  measuring  between  them,  using  the  plumb-line:  this 
will  often  require  more  than  two  chainmen.  Better  results  ijtill  will  loUow 
if  a  tripod  is  placed  over  the  down-hill  stake  to  support  tne  end  of  the 
tape  and  hold  the  plumb-line  steady.  The  tripod  belonging  to  the  transit 
or  level,  detached  from  the  instrument,  -will  answer  the  purpose,  or.  If 
much  of  such  chaining  is  to  be  done,  construct  two  rough  tripods.  Four 
men  with  two  tripods  can  chain  a  steep  slope  accurately  and  quickly; 
while  three  of  the  men  are  measuring  between  two  stakes,  a  fourth 
can  be  setting  the  tripod  which  is  not  in  use  over  the  next  down-hill 
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54.  Precautions  to  Insure  Accuracy.  In  ordinary  work 
no  account  is  taken  of  small  errors  iu  the  length  of  the  tape, 
and  temperature,  pull,  and  sag  are  neglected.  Ordinary  chain- 
pins  are  used;  the  rear  chainman  lines  the  head  chainman  in, 
and  slopes  are  measured  by  holding  the  tape  horizontal  judged 
by  the  eye  alone.  In  very  accurate  work  the  length  of  tape  is 
carefully  tested;  the  temperature  noted  during  chaining  and 
the  correction  applied;  the  pull  kept  standard  with  the  spring- 
balance;  the  tape  supported  at  short  intervals  to  eliminate  sag, 
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or  elae  the  sag  oonreetion  is  determined;  some  device,  as  a  fine 

scratch  on  top  of  a  stake,  marks  the  chain-lengths  in  place  of 
the  chainrpins.  The  chainmen  are  lined  in  from  the  transit,  or 
else  stakes  are  set  in  line  for  the  use  of  the  chainmen;  measure- 
ments are  made  horisontal  by  stakes  set  on  a  level,  or  if  on  a 
grade,  the  oorreetion  for  the  slope  is  determined.  For  work  be- 
tween ordinary  work  and  extremely  accurate  work  precautions 
must  be  adopted  to  correspond.     (See  the  next  chapter.) 

55.  Errors.  Some  of  the  things  which  chainmen  should 
know  concerning  errors  in  chaining  are: 

1.  Sources  and  relative  importance  of  errors. 

2.  Methods  for  eliminating  or  correcting  errors. 

3.  Customary  limits  of  error  for  different  kinds  of  work. 

4.  Field-work  requirements  corresponding  to  different  limits 
of  error. 

These  subjects  are  more  fully  discussed  in  the  next  chapter. 

56.  Summary.     (From  preceding  pages.) 
(a)  Some  things  a  ehainman  should  do. 

1.  Find  the  exact  points  which  mark  the  ends  of  a  tape. 

2.  Find  by  what  method  the  tape  is  graduated,  and  note  how 
it  must  be  read. 

3.  Agree  on  a  set  of  signals  with  the  other  members  of  the 
party. 

4.  Find  by  trial  what  an  8-  or  12-pound  pull  feels  like. 

5.  See  that  the  tape  is  straight  and  exert  a  steady  standard 
pull  while  measu^ng. 

6.  Find  out  the  limit  of  error  and  work  accordingly. 

7.  Keep  the  tape  horizontal  and  use  short  lengths  on  steep 
slopes. 

8.  lane  in  and  stick  the  chain-pins  correctly. 

9.  Ke^  the  right  count  of  tape-lengths. 

10.  Unless  every  foot  on  the  tape  is  numbered  make  sure 
of  a  reading  by  looking  at  the  number  on  each  side  of  it. 

11.  When  only  the  end  foot  is  subdivided  the  ehainman 
at  the  end  of  the  tape  should  invariably  make  the  final  reading. 

12.  The  head  ehainman  should  keep  himself  approximately 
''in  line"  by  looking  backward  over  the  line.  He  should  lift  his 
end  of  the  tape  to  straighten  it,  and  then  let  it  down  slowly 
on  the  line  to  be  sure  that  it  remains  straight.  In  accurate 
work,  after  the  pin  is  stuck,  he  should  lift  the  chain  as  before 
and  let  it  down  again  to  test  the  position  of  the  pin;  frequently 
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this  test  will  show  that  the  pin  has  not  been  set  in  exactly  the 
right  place. 

13.  When  calling  out  a  measurement  to  a  note-keeper  make 
sure  that  he  gets  it  by  having  him  repeat  it  after  you. 

14.  In  extremely  accurate  work  use  the  spring-balance  and 
thermometer,  and  eliminate  sag  by  supporting  the  tape.  In 
such  work  it  is  more  necessary  than  ever  to  compare  the  tape 
with  some  standard  length. 

15.  Be  constantly  on  the  alert  to  preserve  the  tape  from 
injury.  When  not  in  use,  stretch  it  beside  a  fence  or  in  some 
out-of-the-way  place  where  it  will  not  be  stepped  on.  Keep 
in  touch  with  the  work  so  as  to  notice  any  measurements 
inadvertently  omitted,  and  to  anticipate  directions  from  the 
head  of  the  party 

(6)  Some  things  a  chainman  should  not  do, 

1.  Don't  jerk  the  tape,  or  pull  on  it  when  it  is  kinked,  or  let 
vehicles  run  over  it,  or  bend  it  sharply  into  comers,  or  step  on 
it.     Don't  lose  the  handles:  tie  them  on. 

2.  DonH  split  hairs  lining  in. 

3.  Don't  forget  to  subtract  a  foot  from  the  reading  if  it  ouf^t 
to  be  subtracted.     Don't  read  from  the  wrong  end  of  the  tape. 

4.  Don't  disturb  the  chaining-pin,  or  let  it  be  pulled  over. 

5.  Don't  let  go  of  the  tape  until  the  other  chainman  "c**^ 

6.  Don't  stick  the  pin  until  the  other  chainman  sigiials, 

7.  Don't  pull  up  the  pin  until  sure  that  it  will  be  no  longer 
needed. 

S.  Don't  hit  the  leg  of  the  transit  when  measuring  near  it. 

9.  The  rear  chainman  should  not  get  in  the  line  of  si^t  wfam 
the  transitman  is  lining  in  the  head  chainman. 

10.  If  the  tape  is  in  a  leather  or  metallic  box  do  not  keqi 
pulling  the  tape  out  and  winding  it  up;  if  much  woik  is  to 
be  done,  it  mav  be  better  to  detach  the  box. 


CHAPTER  V 

ERRORS  IN  LINEAR  MEASUREMENTS 

In  this  chapter  sources  of  error  in  chaining  are  pointed  out,  the  relative 
importance  of  errors  from  different  sources  is  discussed,  and  methods  of 
correction  or  elimination  are  given.  Limits  of  i)recision  are  sug^sted 
for  different  kinds  of  work,  and  field-work  requirements  are  indicated 
for  different  limits  of  precision.  A  general  classification  of  errors  is  given 
on  p.  9,  and  it  is  necessary  in  studying  this  chapter  to  keep  clearly  in 
mind  the  difference  between  accidental  and  cqnatarU  errors,  and  between 
cumulative  and  compenedting  errors.  The  distinction  between  diacrepancy 
and  error  is  also  an  important  one,  since  the  discrepancy^  between  dupli- 
cate measurements  may  or  may  not  indicate  the  precision  of  the  work 
(see  Art.  20,  p.  11). 


57.  Sources  of  Error  in  Chaining. 

(1)  Error  in  the  length  and  in  the  graduations  of  the  tape.* 

(2)  Errors  due  to  temperature,  and  to  other  natural  sources. 

(3)  Errors  in  manipulation,  —  tape  not  horizontal,  not 
stretched  tight,  imperfect  alignment,  sag,  pull,  and  marking 
tape-lengths. 

(4)  Personal  errors.  Mistakes  in  reading  the  tape.  Blunders, 
— such,  for  example,  as  occur  in  counting  tape-lengths. 

58.  Error  Expressed  by  a  Ratio.  ^,  y^,  yirW*  etc., 
mean  an  error  of  1  part  in  500,  or  1  part  in  1000,  or  1  part  in 
12000,  and  so  on. 

Illustration.    An  error  of  0.05  feet  in  a  measurement  of  714.85 

feet  is:   0.05 -J- 714.85 =xTi77»  or  about  ydhnr- 

59.  Error  in  the  Length  of  the  Tape.  Cumulative  and 
important.  Phis  or  minus  according  to  whether  the  tape  is  too 
short  or  too  long.  If  a  tape  is  too  shorty  the  measured  distance 
between  two  fixed  points  will  be  longer  than  the  true  distance 
(error  plus);  and  contrariwise  if  the  tape  is  too  long,  the  meas- 
ured distance  will  be  shorter  than  the  true  distance  (error  minus). 

♦  The  error  in  the  length  of  a  steel  tape  is  relatively  small  and  remains 
so,  but  in  a  chain  it  often  becomes  large  from  connecting  rings  being 
stretched,  links  being  bent,  or  joints  becoming  worn. 
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(a)  lUtutration.  The  true  distance  between  two  points  is  400  feet. 
If,  however,  this  distance  is  measured  with  a  100-ft.  tape  which  is  0.02  ft 
too  short  (i.e.,  length =99.98  ft.},  the  result  will  be  400-*- 0.9998— 400.08  ft. 
If.  on  the  other  hand,  the  tape  is  0.02  ft.  too  long  (i.e.,  lengUi— 100.02  ft.), 
the  result  will  be  400^1.0002  =  399.92  ft. 

(&)  To  apply  the  tape  correction.  The  tested  length  of  a  100-ft.  tape 
multiphed  by  0.01  raves  the  length  of  the  tape  in  terms  of  the  standanl 
(i.e.,  m  terms  of  lOiO  ft.).  Thus  a  tape  0.1  ft.  too  long  is  100.1  ft.  long. 
or  1.001  times  what  it  should  be.  Call  this  constant  for  any  tape  .C,  thtfi 
use  the 

RtUe.     MvUiply  all  measurements  by  C  to  reduce  to  true  measuremenia. 

(c)  Illustration.  In  the  preceding  illustration  the  constant  for  the 
tape  which  is  0.02  ft.  too  short  is  0.9998,  and  for  the  tape  which  is  0.02  ft. 
too  long  it  is  1.0002;  hence 

Measured  Distance  X  Constant  =Tnie  Distanee. 

400.08  X   0.9998    =      400  ft. 

399.92  X   1.0002    =      400  ft. 

In  establishing  one  point  at  a  required  distanoe  from  another  point 
the  rule  is  reversed.  KtUe.  Divide  the  required  distance  hy  C:  the  resmit 
is  the  actual  Uolae)  distance  to  measure  off. 

(d)  Illustration,  It  is  required  to  establish  one  point  400  ft.  from  aaother 
point  with  a  tape  0.02  ft.  too  short  (i.e.,  C= 0.9996);  then  tiie  /tab*  cfit- 
tanoe  which  must  be  measured  off  is  400 'i- 0.9998  •"400.08  ft. 

60.  Error  due  to  the  Tape  not  being  Horizontal.     Error 

is  cumulative,  pltis,  and  important.    Eliminated  by  the  method 
of  Art.  53. 

61.  Error  when  the  Tape  is  not  Stretched  Tight  and 
Straight.  (Ends  in  line,  tape  lying  on  surface  of  ground,  but 
not  stretched  tight.)     Cumulative,  plus,  and  important. 

62.  Error  due  to  Temperature.  Error  is  cumidaiive, — plus 
when  the  temperature  is  below  the  standard  temperature 
for  the  tape,  minus  when  it  is  above.  The  length  of  a  100-ft. 
steel  tape  may  be  changed  more  than  i  inch  by  an  extreme 
change  in  temperature  from  20°  to  90°  Fah.  In  accurate  work 
this  source  of  error  must,  as  far  as  possible,  be  elinunated  by 
noting  the  temperature  and  applying  the  correction.  In 
ordinary  work  temperature  may  be  neglected.  Base-hnea  aie 
usually  measured  on  a  cloudy  day  (sometimes  at  night),  so  that 
the  tape  may  be  nearer  the  temperature  of  the  atmoiq[)here. 
The  temperature  of  a  tape  lying  in  the  sun  is  difficult  to  obtain. 


(a)  Note.  If  the  coefficient  of  expansion  of  a  steel  tape  is  not 
use  0.0000066  per  1*>  Fah.  or  100X0.0000065-0.00065  ft.  change  ptr 
1*>  Fah.  for  a  tape  100  ft.  long.  Thus  70X0.00065-0.0455  ft.  for  ex- 
tremes of  70^  change  for  a  100-foot  tape.  The  following  appnuoBBAte 
rate  of  change  is,  perhaps,  the  easiest  to  remember.  The  length  of  a  100-fU 
steel  tape  changes  jio  of  a  foot  for  every  16^  {Fah.)  change  of  temperature, 

(b)  Remarks.  The  error  due  to  temperature  may  be  quite  large,  and 
in  certain  lines  of  work  it  is  too  often  neglected  by  surveyors.  A  city 
block,  for  example.  400  ft.  to  500  ft.  long,  measured  with  the  same  ta|>e 
may  be  found  apparently  2f'  or  3''  shorter  in  summer  than  in  winter,  if  it 
is  in  a  climate  where  the  thermometer  ranges  from  0**  to  90**  (Fah.). 

(c)  An  experiment.     In  order  that  t\M  effect  oi  ^-v^ix  «>i  ecoa-U  chaxun 
in  temperature  may  be  perfectly  evident,  and  vncVdentaXLy  to  «\ion«  ^G^ 
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effect  alao  of  the  sun's  rays,  the  students  in  the  author's  classes  are  re- 
quired to  make  the  follomn^  experiment:  About  noon  on  a  clear  day  a 
100-ft.  steel  tape  is  stretched  across  supporting  stakes,  set  on  line  30  ft. 
apart,  with  their  tops  on  a  level.  A  12-pound  puU  is  kept  by  means  of  a 
spring-balance,  and  a  fine  scratch  is  made  on  the  top  of  the  stake  at  each 
end  ca  the  tape.  At  about  5  p.m.  of  the  same  day  the  tape  is  again  stretched 
under  the  same  conditions.  The  ncratches  made  at  noon  are  often  found 
to  be  i"  or  more  farther  apart  apparently,  than  when  they  were  made. 
This  shrinkage  of  ^"  in  the  tape  corresponds  to  a  fall  of  15**  in  tempera- 
ture, but  the  change  in  the  atmosphere  may  have  been  much  less  than 
this.  A  large  part  is  due  to  the  sun.  which  at  noon  shone  on  the  tape 
with  much  greater  intensity  than  at  nve  o'clock.  Still  more  striking  re- 
sults may  be  obtained  by  repeating  the  experiment  with  the  tape  stretched 
in  contact  with  the  warm  ground  or  a  hot  pavement. 

63,  Error  in  Alignment.  Error  is  cumulative  and  plus, — 
relatively  unimportant.  Much  time  is  often  wasted  in  split* 
ting  hairs  when  ''hning  in''  with  the  transit.  Setting  pins  as 
much  as  six  inches,  first  one  side  and  then  the  other  of  the 
line,  affects  measurements  but  little.  In  ordinary  work  the 
chainmen  line  themselves  in.  The  rear  chainman  moves  his 
hand  right  or  left  to  Hne  the  head  chainman  in:  a  vigorous 
motion,  move  quite  a  distance;  a  slight  motion,  a  small  dis- 
tance. Much  time  can  be  saved  if  the  head  chainman  will  line 
himself  in,  approximately,  by  looking  backward  over  the  head 
of  the  rear  chainman  to  the  point  or  station  from  which  the 
measurement  is  being  made.  In  accurate  work  the  transitman 
''lines  in''  the  head  chainman,  in  which  case  the  rear  chainman 
must  keep  out  of  the  line  of  sight.  Range-poles  are  sometimes 
used  in  lining  in. 

64,  Error  due  to  Sag.  Error  is  cumulative  and  pliis. 
There  are  three  ways  of  eliminating  error  due  to  sag.  (1)  Put 
an  extra  pull  on  the  tape  which  will  stretch  it  enough  to  offset 
the  sag — quite  difficult  to  do.  (2)  Calculate  the  correction  from 
the  equation  of  the  curve  and  apply  the  correction.*     If,  how- 

*  The  following  formulas  for  sag  and  pull  are  derived  in  Johnson^a 
Surve3ring,  p.  505: 

c^ excess  (in  inches)  in  length  of  curve  over  the  linear  distance  between 

supports;  d*' distance  between  supports  in  inohes; 

W"* weight  of  one  inch  of  tape  in  pounds;  P  =  pull  in  pounds. 

C»«-corvectton  for  pull  in  inches;  /» length  of  tape  in  inohaa; 

i9«>oross-sectional  area  of  tape  in  square  inches* 

J?  «•  modulus  of  elasticity.     (If  not  known  for  the  tape  it  may  be  taken 
at  28.000,000) 

PI 
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The  pull  requhed  to  balance  sag  is 


^|/t£2< 


22  ~'     (This  pull  is  called  normal  Www^^i 


42  ERRORS  IN  LINEAR  MEASUREMENTS 

ever,  work  is  important  enough  for  sag  to  be  taken  into  account 
it  will  usually  warrant  the  expense  of  (3)  providing  suppcnts 
near  enough  together  to  practically  eliminate  sag. 

65.  Errors  due  to  Uneven  Pull.  If  the  pull  is  always  too 
large  or  always  too  small  the  error  becomes  cimiulative  other- 
wise it  may  be  compensating.  Pull  is  unimportant  except 
in  very  accurate  work;  ordinarily  guessed  at;  it  should  be 
strong  but  steady,  from  8  to  12  lbs.  One  can  guess  nearer  if 
he  actually  experiments  with  a  spring-balance  a  few  times. 
An  ordinary  100-ft.  steel  tape  stretches  less  than  x4tf  of  an  inch 
per  pound  of  pull. 

66.  Errors  in  Marking  Tape- lengths.  Compensating,  ex- 
cept for  very  short  lines;  important.  When  chain-pins  are 
used,  observe  the  directions  on  p.  35  for  setting  pins.  In 
accurate  work  the  error  is  greatly  reduced  by  making  fine 
scratches  to  mark  the  tape-lengths.  Disturbing  pins  after  they 
are  set  must  be  classed  as  a  blunder.  One  of  the  greatest  sources 
of  error  in  marking  tape-lengths  is  in  plumbing  down  from  an 
end  of  the  tape  held  off  the  ground. 

67.  Errors  in  Reading  the  Tape.  Compensating,  Errors 
in  reading  the  tape  are  not  likely  to  be  important  unless  large 
enough  to  be  classed  as  actual  mistakes  or  blunders.  In  very 
accurate  work,  however,  such  as  the  measurements  of  base-lines, 
they  become  important,  and  some  device  provided  with  a 
microscope  or  magnifying-glass  is  often  used  for  observing 
graduation-marks  on  the  tape.  If  the  tape  is  graduated  con- 
tinuously throughout  its  length,  important  sources  of  mistakes 
are  avoided.  Otherwise  chainmen  forget  to  subtract  the  one 
foot  from  the  first  reading  (see  Art.  50,  p.  34),  or  they  read 
from  the  wrong  end  of  the  tape,  especially  if  the  distance  is 
only  a  little  greater  or  less  than  half  the  length  of  the  tape. 
Thus,  39  ft.  instead  of  61  ft.,  or  55  ft.  instead  of  45  ft.  (see  p.  33). 

Another  common  mistake  is  to  read  on  the  wrong  side  of  a 
number,  as,  for  example,  41  instead  of  39  (see  p.  33).  This 
mistake  is  most  likely  to  occur  when  the  numerals  on  the  tape 
are  placed  at  the  five-foot  points  only,  but  even  when  using  a 
tape  that  has  every  foot  numbered  it  is  best  to  follow  the  rule 
on  page  33  and  read  the  number  on  each  side  of  the  given  point. 

Blunders  in  keeping  count  of  tape-lengths  are  very  common. 
When  pins  are  used  such  blunders  may  be  avoided  by  keeping 
tally  with  the  pins  (p.  35). 
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68.  Sources  of  Errors  in  Chaining. — Summary. 

1.  locorrect  length  of  tape Cumulative       +  or  — 

2.  Tape  not  stretched  horizonUMy Cumulative  + 

3.  Tape  not  stretched  tight  and  straight, 

but  both  ends  in  line Cumulative  + 

4.  Error  due  to  temperature Cumulative  +  or  — 

5.  Error  in  alignment Cumulative  + 

6.  Error  due  to  sag Cumulative  + 

7.  Variation  in  pull Compensating       ± 

8.  Error  in  setting  chain-pins Compensating       ± 

9.  Disturbing  pins  after  they  are  set Blunder 

10.  Errors  in  reading  the  tape Mistake 

11    Incorrect  count  of  tape-lengths Blunder 

69.  Relative  Importance  of  Sources  of  Error.     As  an  aid 

to  the  discussion  of  this  subject  a  table  has  been  prepared 
showing  for  each  source  of  error  the  conditions  which  will  cause 
an  error  of  0.01  ft.  (or  about  J  in.)  in  a  distance  of  100  ft. 
Some  of  the  values  given  will  differ  for  different  tapes,  but  they 
are  approximately  correct  for  the  average  100  ft.  steel  tape. 

Conditions.  Error. 

1.  Length  of  tape,    A  difference  of  i  in.  from  standard 

length 0.01  ft. 

2.  Tajte  not  horizontal.    One  end  1.4  ft.  higher  than  the 

other  end 0.01  " 

3.  Tape  not  stretched  tight.     Center  of  tape  0.7  ft.  or 

8|  in.  out  of  line 0.01  " 

4.  Temperature.    For  every  fifteen  degrees  change 0.01  ** 

5.  Alis^ment.    One  end  of  tape  in  line,  the  other  1.4  ft. 

out  of  line 0.01  '' 

6.  Sag.    The  middle  of  the  tape  0.61  ft.  or  7J  in.  below 

the  ends.    0.01  " 

7.  PuU.     For  every  15  pounds  pull 0 .01  " 

8.  Marking  tape-lengths.     Error  of  J  in.  in  marking  or 

'plumbing 0.01  " 

9.  Reading  tape.     Error  of  i  in.  in  reading 0.01*' 

(a)  From  inspection  of  this  table  it  is  evident  that  an  error 
of  0.01  ft.  in  100  ft.  is  much  more  likely  to  occur  from  some 
sources  than  from  others.  It  is  quite  likely  that  the  tem- 
perature will  vary  15°,  but  not  at  all  likely  that  the  pull  will 
vary  15  pounds.  Chainmen  are  more  likely  to  chain  along 
a  slope  without  realizing  that  one  end  of  the  tape  is  1.4  ft. 
lower  than  the  other  than  they  are  to  allow  one  end  of  the 
tape  to  get  1.4  ft.  out  of  line  when  chaining  between  two  points. 

A  steel  tape,  unknown  to  the  surveyor,  may  be  J"  too  long 
or  too  short,  and  though  it  may  not  occur  to  him  to  test  the 
length  of  the  tape,  yet  he  is  very  careful  not  to  make  an  error 
of  }  in.  in  marking  tape-lengths  (an  error  less  important  because 
compensating). 


44  ERRORS  IN  LINEAR  MEASUREMENTS 

In  ordinaiy  work  certain  errors  like  that  due  to  tempera- 
ture are  unimportant,  because  it  is  not  necessary  to  take  them 
into  account  in  order  to  gain  the  required  precision,  and  for  that 
class  of  work  they  are  said  to  be  inappreciable  (see  Art.  23) ;  but 
for  city  work  and  other  accurate  work  these  same  errors  become 
appreciable  and  important. 

(&)  In  judging  of  the  relative  importance  of  errom  the  folr 
lowing  additional  points  are  to  be  kept  in  mind: 

1.  Cumulative  errors  are  more  important  than  eonqDensating 
errors,  but,  as  shown  above,  not  all  cumulative  errors  are  equally 
important. 

2.  In  a  short  line  a  compensating  error  may  occur  only  onee 
or  twice  and  thus  fail  to  be  compensating.  For  eaoyot^lej 
if  the  length  of  a  hne  is  a  little  less  than  two  tape-leiigthB,  any 
error  in  marking  the  end  of  the  first  tape-length  is  not  oom- 
pensating.  The  more  tape-lengths  there  are  in  a  line  the  more 
likely  are  such  errors  to  be  truly  compensating,  and  the  more 
times  a  line  is  measured  the  more  likely  are  accidental  errors 
to  disappear  from  the  mean.     (See  p.  13.) 

3.  One  cumulative  error  sometimes  balances  another  cumu- 
lative error.  For  example,  a  strong  pull  may  offset  sag,  or 
high  temperature  may  offset  a  slight  shortage  in  the  length 
of  a  tape. 

4.  Other  things  being  equal,  it  is  nK>st  important  to  gwurd 
against  those  errors  which  are  most  likely  to  occur. 

70.  Limits  of  Error.  The  allowable  error  in  chaining  u 
often  determined  by  the  time  and  money  spent  on  a  •  sur- 
vey and  not  by  the  importance  of  obtaining  accurate  results. 
Assuming,  however,  that  the  surveyor  can  proceed  regardless 
of  time  or  expense,  he  should  for  any  particular  piece  of  woric 
determine  the  limit  of  error  within  which  the  chainmen  must 
come.  The  purpose  of  a  survey  determines  this,  but  different 
parts  of  the  same  survey  may  require  different  degrees  of  accu- 
racy. For  example,  a  survey  is  made  of  a  city  lot  with  build- 
ings on  it,  to  be  plotted  to  a  scale  of  1"  =  20  ft.  Unless  the 
dimensions  of  the  buildings  are  to  be  put  on  the  map  or  kept 
for  record,  no  great  care  is  necessary  in  measuring  them,  lor 
-fg  of  an  inch  on  the  map  equals  a  foot,  and  an  error  of  less 
than  I  ft.  will  hardly  show.  On  the  other  hand,  the  lengths 
o!  boundaryr-lines  should  be  determined  as  accurately  as  po8»- 
3/ej  because  these  lengths  should  be  wTitten  oii  V^  ix^ab^  ^^ 
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DumeralB  and  dimensioii  lines)  regardless  of  scale,  and  if  incor- 
rect they  may  give  rise  to  boundary  disputes.  In  general,  then, 
the  greatest  pains  should  he  taken  in  measuring  distances  to  be 
preserved  in  records  or  on  maps  in  actual  figures,  while  distcineeM 
that  will  he  scaled  from  a  map,  or  distances  needed  simply  to  phi 
a  map  J  may  he  measured  less  carefully.  It  is  one  thing  to  know 
the  precinon  required,  it  is  another  thing  to  obtain  it.  Some 
conditions  affecting  accuracy  of  the  work  are:  (1)  Correcttiess 
and  fineness  of  the  graduations  on  the  tape;  (2)  Nature  of 
the  ground  chained,  hilly  or  level,  open  or  covered  with  trees 
and  underbrush;  (3)  Speed,  i.e.,  time  spent  as  determined  by 
the  importance  of  the  work  or  the  allowable  cost;  (4)  Weath- 
er— clear  or  cloudy,  very  hot  or  very  cold,  calm  or  windy; 
(5)  The  effectiveness  of  devices  for  stretching  and  supporting 
the  tape,  and  for  measuring  temperature;  (6)  The  abihty  of 
the  chainmen,  and  their  willingness  to  take  pains. 

71.  Probable  Error  of  a  Line  N  Tape-lengths  Lous* 
(a)  A  line  N  tape-lengths  long  may  be  regarded  as  the  snim 
of  N  measurements.  If  the  probable  error  of  each  measure- 
ment (a  tape-length  long)  is  the  same,  and  this  probable  error 
is  represented  by  r,  then  from  formula  (4),  p.  18,  Rb  ^\^Nr^ 
or  Ra=r\/N.  Thus  it  is  seen  that  the  probable  error  of  the 
total  observed  length  of  a  line  may  be  found  by  multiplying 
the  probable  error  of  one  tape-length  by  the  square  root  of 
the  number  of  tape-lengths  (i.e.,  length  of  the  line  in  tape- 
lengths).  The  more  completely  the  constant  errors  are  elim- 
inated, and  the  more  completely  the  other  assumptions  of 
"least  squares"  are  fulfilled,  the  nearer  this  formula  is  to  the 
truth.  Its  use,  therefore,  is  chiefly  confined  to  work  of  great 
precision. 

(6)  In  ordinary  chaining  the  accuracy  of  the  work  is  judged 
in  most  cases  by  the  discrepancy  between  two  measurements 
of  the  line  made  with  the  same  care.  In  such  a  case  constant 
.errors  do  not  affect  the  discrepancy.  (Why?)  And  since  this 
discrepancy  is  largely  due  to  accidental  errors,  it  will  not  vary 
in  proportion  to  the  length  of  the  line.  On  the  other  hand, 
the  number  of  tape-lengths  is  usually  too  small  to  warrant 
the  apf^cation  of  the  theory  of  least  squares  without  reser- 
vation. All  that  can  be  said  is  that  if  the  discrepancy  between 
two  measurements  for  a  hundred  feet  (pi  t«tp^\ew|jCtk^  \ei  ^  ^^^- 
taJn  amount  d,  it  ia  likely  that  the  diswepMicrs  lox  ^\k^  ^^i>BRa 
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in  r^-»api  ▼•.•n  '.w  t~i**  ;r  iiiji3i'<v^:ii»  -wmr  a 

tut  ft-*ie  ♦rrrr  ▼ill  -"urr  2i«:r»  tiii  iit:r»  3ifA^7  Jit  lA 
aizri'jtr  iif  -x-i»~juufii».      >'  :r:i:R  -jiis  11m  A^Qiiai-  M- 


72.  To  Dctemilae  C«Q«ffii»flts  of  IH  i  ii  ■■■■■     (■) 

the  ch&inir^  i.^  v.ii^  -i.«^r  s.>!-i  riioiriaQCic  as  to  vananft  the 
yi^  of  the  Ei**.L:ti  .:  LtrriT*  i*.  -;i^-»e  "b*  Tsl-^at  erf  r  nuqr  be  deter- 
mined r.-v  r.-.^j^Tir.^  1  lijr  ::  i~trjh2»  mcdsUi  a  mFiilifi  oC 
times  ur^der  '.L'^  xziiiTjii.^  -s^r.:^  "cd  rcvrafl  in  tbe  iiwiiiini 
merit  of  o:her  liL*s.:  li-^  :r:cL  "ij*  ::=:-3lu  00  p.  17  deter- 
mine the  error  o:  j  rlr-zi*  :t»=i?rrirMi-  Sobctmne  this  valne 
for  ^,  in  the  form-ilj  -S:,  =  '\  -V.  s-tfe*:rjie  for  A*  it«  vahieyaiid 
solve  for  r.     'See  p.  -!»  ::r  i  ciocipjt:*  iQuEUmdoii.) 

Another    merhod    i?:    :•:•    =:^ke    d.:pl:c;ite   mcagDrmieuto  of 
several  lines  of  di5erer.:  ler^Ls,  ^Lr^d  nnd  r  from  the  fonniila 


=  0.4709i/rZi:,  -a  here  i=i;5ere::ee  bet 


ween  two  measure- 


ments of  same  line,  I  =  ^uTn  of.  r,  =  ri-imber  of  lines,  and  p  is 
the  weight  for  any  one  lir.e,  which  viries  inversely  as  its  length, 

or  p--y.     ^See  Merriman's  Meiho'I  of  Least  Squares^  p.  103.) 

(h)  P'or  ordinary-  chaining  where  the  use  of  the  method  of 
least  squares  is  hardly  justified,  the  value  of  cf  in  D—dV]? 
may  lu;  obtained  by  measuring  a  line  of  average  length  a  num- 
ber of  times  under  the  prevailing  conditions  of  field  work,  and 
substituting  for  JJ  the  mean  of  the  discrepancies,  solve  for  d. 

(r.)  JUuntratitm.  Tha  average  length  of  lines  in  a  survey  wQl  be,  eej, 
n|i(Mit  400  ft.  The  chaining  is  to  Ije  done  under  favorable  eooditioiM. 
Four  rncaHiirernentH  of  a  line,  rnarle  as  nearly  as  possible  with  tlie  aaine 
ipood  and  under  the  Name  conditions  that  will  pre\'ail  in  the  survey,  cive 
•KM).!,  mmMTi,  4(K).or>,  4(KJ.15.  Comparing  the  first  measuieinent  with 
f*nrh  iif  (he  other  three,  the  second  with  the  succeeding  two,  the  thiid 
with  the  fourth,  nix  discrepancies  arc  obtained  and  the  mean  is 

(O.in  I  0.05  +  0.05  +  0.1 +0.24-0.1)-^6  =  0.1083. 
'I'hnti  0.  Hwri  -  f/N/l,  or  d    0.0542.     Tor  any  other  line  the  diseieiMUieyiiuij 

Ik'  nKiMM-ti'd  to  Ini  aluMit  0.0542 V.V,  or  for  a  line  say  900  ft.  lone  0.0542VQ^ 
O.Hl2«lfl. 

7.1.  Cuiitoiiiary  IJinitH  of  lError.  (a)  The  method  Buggested 
ill  tho  ^c«M»ding   ill  ist  nit  ion   for  comparing  d      n 
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different  lines  is  for  guidance  only,  and  in  determining  the  co- 
efficient d  it  is  absurd  to  carry  results  to  several  decimal  places 
as  was  done  in  that  illustration.  When  it  is  not  worth  while 
to  determine  d  in  the  field  it  may  be  assumed  as  0.01,  0.02, 
0.03,  or  some  other  quantity  which  accords  with  experience. 
In  order  to  give  some  definite  idea  of  what  constitutes  good 
chaining  under  favorable  conditions,  coefficients  are  suggested 
in  Table  I,  on  the  next  page,  for  different  classes  of  work.  For 
hilly,  rough  country  they  must  be  modified,  especially  if  under- 
brush, bad  weather,  and  other  unfavorable  conditions  prevail. 
Under  such  conditions  coefficients  called  fairly  good  in  the 
table  may  become  good  or  even  excellent,  and  the  same  is  true, 
also,  when  the  purpose  of  the  survey  does  not  require  very 
accurate  results. 

The  impossibility  of  fixing  any  standard  for  chaining  owing 
to  varying  conditions  is  of  course  apparent,  and  the  coefficients 
given  are  for  guidance  only;  they  should  be  modified,  when 
necessary,  to  accord  with  the  dictates  of  common  sense  and 
experience.  It  is  assumed  that  the  duplicate  measurements, 
from  which  the  discrepancy  in  any  given  case  is  deter- 
mined, are  made  under  approximately  the  same  conditions 
— same  chainmen,  same  tape,  same  temperature,  and  same 
speed. 

The  upper  part  of  the  table  suggests  coefficients,  and  the 
lower  part  gives  the  allowable  discrepancies  for  lines  of  different 
lengths  and  for  different  coefficients. 

(5)  Illustration.  A  line  is  chained  twice  under  favorable  conditions. 
A  steel  tape  and  plumb-bob  are  used,  the  tape  being  kept  horizontal  by 
the  eye.  The  two  measurements  are  828.91  and  828.88.  The  discrepancy 
is  0.03.  In  Table  I  the  nearest  value  for  800  ft.  is  0.028,  which  corre- 
sponds to  a  coefltdent  of  0.01.  From  the  upper  part  of  the  table  it  is 
seen  that  0.01  is  excellent  for  the  conditions  under  which  the  chaining 
was  done.  If  a  thermometer  and  spring-balance  had  been  used  and  other 
precautions  taken  to  correspond,  it  is  seen  from  the  table  that  0.01  is 
considered  good  or  fairly  good. 

74.  Limits  of  Precision   Expressed  by  a  Ratio,     (a)  The 

method  of  expressing  errors  by  ratios  (see  p.  39)  is  used  in  two 
ways  to  indicate  limits  of  precision,  viz.:  (1)  To  express  the 
ratio  of  the  probable  error  of  a  single  measurement  or  the 
probable  error  of  the  mean  of  several  measurements  to  the 
length  of  the  line  chained;  (2)  To  express  the  ratio  of  a  dis- 
crepancy to  the  length  of  the  line  chained.  For  reasons  given 
m  Alt*  71  the  ratio  of  the  discrepancy  to  the  length  of  the 
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line  mfty  be  ooiuidered  to  indicate  closely  tlie  variatioit  to  be 
«spectod  in  comparatively  short  Hnes,  but  aa  the  lines  became 
kmger  the  ditNsepancy  will  vary  more  nearly  as  the  square  root 
of  the  length.  Table  II  has  been  made  out  on  the  aaeumption 
that  the  conditiona  for  chaining  are  favorable;  fur  unfavorable 
conditions  the  values  muet  be  modified.  The  warning  against 
the  injudicious  use  of  Table  I  holds  good  for  this  table  also. 
For  lines  less  than  1000  ft.  long  the  values  in  the  two  tables 
correspond  closely  (see  Table  III),  and  hence  it  makes  little 
difference  which  is  used,  although  Table  II  is  in  the  more  con- 
venient form.    For  lines  over  1000  ft.  use  Table  I, 

Tablb  I 

COEFFICIENTS  OF  PRECISION  FOR    CHAINING 


IN  CHAINING 


I^Dfth 

DbcKpaociea  for 

diaennt  valuea  of  coefficie 

pfd" 

0.01 

0,OB5|  0.190 

O.Mi, 

0.47|  0.57,  O.C« 

M 

0 

D«t«TmiDe  rnHn  the  upper  r 
EnUr  the  column  in  the  lowe 
dftnt.  Run  the  eye  down  the  i 
ehaiiwd.  The  result  is  the  dii 
-ipeoted.  For  0.002,  0.005,  r 
V  dntinul  ptaet. 
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(b)  lUuatraiiona.  Two  measurements  made  with  a  steel  tape  under 
ordinary  conditions  are  651.2  and  651.15.  The  discrepancy  is  O.iS. 
Nearest  value  in  Table  II  for  600  ft.  for  given  conditions  is  0.048,  or  ratio 
is  Tsiwt  which  is  considered  aood.  In  very  accurate  work  thi«  would 
not  be  considered  as  even  passable. 


Table  III 

COMPARISON  OF  RESULTS  FROM  TABLE  I  WITH  THOSE 

FROM  TABLE  II 


Length 

300 

600 

Tables 

I                   II 

I                    II 

Excellent 

Good 

Chain,  plumb-bob,  cha 
0.05  -0.07         0.06 
0.09  -0.14         0.12 

m-pms,  average  speed 
0.07  -0.10         0.12 
0.12  -0.20          0  24 

Excellent 

Steel  tape,  plumb-bob, 
0.017-0.035       0.012 
0.035-0.07         0.024 
0.07  -0.09         0.06 

chain-pins,  aver.speed 
0.024-0.049       0.024 

Good 

0.049-0.10         0.048 

Fair 

0.10  -0.12         0.12 

Excellent 

Steel  tape,  spring-balan 

corresponding 

0.003-0.009       0.003 

0.009-0.017       0.006 

0.017-0.035       0.012 

ce,  thermometer,  and 
precautions 
0.005-0.012       0.006 

Good 

0.012-0.024       0.012 

Fair 

0.024-0.049       0.024 

Length 

1000 

5000 

Tables 

I                   II 

I                   II 

Excellent 

Chain,  plumb-bob,  cha 
0.09  -0.13         0.20 
0.16  -0.25          0.40 

in-pins,  average  speed 
0.21-0.28           1.0 

Good 

0.35-O.57           2.0 

Excellent 

Steel  tape,  plumb-bob, 
0.032-0.063        0.04 
0.063-0.13          0.08 
0.13  -0.16         0.20 

chain-pins,  aver,  speed 
0.07-0.14           0.2 

Good 

0.14-0.28           0.4 

Fair 

0.28-0.35            1.0 

Excellent 

Steel  tape,  spring-balan 
corresponding 
0.006-0.016       0.01 
0.016-0.032       0.02 
0.032-0.063       0.04 

ce,   thermometer,   and 
precaution.s 
0.014-0.035       0.05 

Good 

0.035-0.071       0.1 

Fair. 

0.07  -0.14         0.2 

75.  Comparison  of  Tables  11  and  ill.  In  Table  III  discrepancies  for 
300,  600,  1000,  and  5000  feet  taken  from  Table  I  are  compared  with 
values  taken  from  Table  II.  It  is  seen  that  for  lengths  up  to,  say,  1000  ft. 
there  is  not  much  difference,  but  beyond  that  point  the  discrepancies 
from  Table  II  increase  much  more  rapidly  than  do  those  from  Table  L 
This  is  of  course  to  be  expected,  since  in  Table  II  discrepancies  vary  as 
the  length  of  the  Une,  while  in  Table  I  they  vary  as  the  square  root  of  the 
length.  For  example,  in  good  chaining  imder  ordinary  conditions  the 
apparent  error  for  300  ft.  should  not  exceed  from  0.035  to  0.07  (Table  I) 
or  0.024  (Table  II);  for  600  ft.  the  values  are  closer.  0.049  to  0.1  (Table  I) 
and  0.048  (Table  II);  for  1000  ft.,  0.063  to  0.13  (Table  I)  and  0.08  (Table 
UX    For  5000  ft.,  or  a  little  less  than  a  mile,  t\ie  value  Itota  TaAiU  11  haa 
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inci^eased  to  0.4  ft.,  which  is  0.12  ft.  greater  than  0.28,  the  maximum  value 
from  Table  I.  The  rougher  the  measurements  the  more  striking  is  the 
dififerenoe  between  the  two  tables  for  lengths  over  1000  ft.,  as  shown  by 
the  first,  second,  and  fifth  lines  in  the  above  table  for  length  5000. 

76.  Requirements  Corresponding  to  Different  Limits 
of  Precision,  (a)  In  ascertaining  the  requirements  for  any 
given  limit  of  precision  the  sources  of  error  summarized  in 
Art.  68,  p.  43,  must  be  considered.  It  is  necessary  to  know 
what  errors  may  be  neglected  and  to  what  extent  the  others 
must  be  eliminated  or  corrected.  This  is  the  only  way  in  which 
the  surveyor  can  be  reasonably  sure  that  the  discre'pancy  or 
the  probable  error,  as  the  case  may  be,  really  indicates  the 
precision  of  his  work.  Some  of  the  questions  he  must  settle 
are,  how  accurately  to  read  the  tape,  to  mark  the  tape-lengths, 
to  keep  the  chain  horizontal;  to  what  extent  sag  must  be 
eliminated,  and  within  what  limits  the  temperature  must  be 
known.  In  a  general  way  the  answers  to  these  questions  are 
indicated  in  Tables  I  and  II.  As  a  further  aid,  the  following 
table  of  approximate  values  has  been  prepared.  The  table 
shows  what  amounts  per  100  ft.  correspond  to  different  limits 
of  precision  for  each  of  the  different  sources  of  error. 

Table  I . 


Ratio  of  precision 


Error  in  100  ft. 


1.  Error  in  length  of  the 

tapie 

2.  Dif.  in  eletfotion    of 

ends  of  tape 

3.  Center  of  tape  out  of 

line 

4.  Change  in  tempero/t^re 

5.  One  end  of  tape  out 

of  line 

6.  Sag  at  the  middle  of 

tape 

7.  Variation  in  the  pull. 

8.  Error     in     marking 

tape-lengths 

9.  Error  in  r&iding  the 

tape 


Errors  per  100  ft.  from  different  sources  corre- 
sponding to  different  ratios  of  precision 


1 
5000 


0.02 


ft.  or  in. 

0.02      i 

2.0      24 

1.0      12 
30° 

2.0      24 

0.86  101 
30  lbs. 

0.02      i 

0.02      i 


1 
10000 


0.01 


ft.  or  in. 


20000 


0.005 


ft.  or  in. 


0.01        i0.005      ^ 


1.4 
0.7 


161 
81 


15° 

1.4      161 

0.61      71 
15.  lbs 


0.01 
0.01 


i 


1.0 
0.5 


12 
6 


7.5° 

1.0        12 

0.43        5i 
7.5  lbs. 


0.005 
0.005 


50000 


0.002 


ft.  or  in, 

0.002     A 

0.63      7  A 

0.3  3| 

3° 


100000 


0.001 


0.63 


0.27 
3  lbs 


7A 
3i 


0.002   A 


\^ 


ft.  or  in. 

0.001      a*9 

0.44        51 

0.24        2( 
1.5° 

0.44        5i 

0.19        2i 
1.5  lbs. 

0.001    A 


52  ERRORS  IN  LINEAR  MEASUREMENTS 

(&)  The  chief  use  for  Table  IV  is  to  indieate  the  preeau- 
tioDS  which  are  necessary  in  order  to  attain  certain  degrees 
of  precision.  Thus,  for  example,  it  is  seen  that  a  variation 
of  15^  in  temperature  will  cause  an  error  of  ^"  per  100  ft.  cor- 
responding to  TshsTfy  3,nd  a  sag  of  7J"  will  cause  the  same 
error.  If  one  end  of  a  100-ft.  tape  is  12"  out  of  line,  it  will 
cause  an  error  of  0.005  ft.,  or  A"  (or  Tshsjf)*  while  it  will  take 
a  variation  in  pull  of  7  J  lbs.  to  cause  the  same,  error.  An 
error  of  1"  in  the  length  of  the  tape,  in  marking  tape-lengths, 
or  in  reading  the  tape,  is  equivalent  to  t^^-  -^  idea,  of  the 
extreme  precautions  necessary  for  a'precision  of  \^^^%  is  gained 
from  the  last  column,  where  a  sag  of  2}''  will  in  itself  cause 
an  error  equal  to  this  limit.  A  variation  of  IJ^  in  tempera- 
ture or  1}  lbs.  of  pull  will  cause  the  same  amount;  hence  the 
need  of  a  thermometer  and  spring-balance. 

(c)  Combining  errors.  It  is  comparatively  easy  to  estimate 
the  approximate  error  for  a  single  tape-length  which  may  be 
expected  from  each  source  of  error  under  given  conditicmsr 
but  it  is  not  a  simple  problem  to  combine  these  errors  in  order 
to  determine  the  total  error  which  may  be  expected  in  a  line 
a  number  of  tape-lengths  long.  Thus,  for  example,  a  sur- 
veyor may  know:  (1)  That  the  error  in  the  length  of  his  tape 
does  not  exceed,  say,  ^";  (2)  That  the  maximum  error  in 
keeping  his  tape  horizontal  will  not  exceed  1.4  ft.;  (3)  That 
the  center  of  his  tape  will  never  be  out  of  line  more  than  4"; 

(4)  That   the  variation   in  temperature  will  not  exceed   15**; 

(5)  That  one  end  of  the  tape  Uned  in  by  eye  will  never  be 
more  than  12"  out  of  h'ne;  (6)  That  sag  will  not  exceed  7"; 
(7)  That  the  variation  in  pull  will  not  exceed  3  lbs.;  (8)  That 
the  error  in  marking  each  tape-length  will  not  exceed  ^";  and 
(9)  That  the  tape  will  be  read  to  the  nearest  0.01  ft.  From 
the  table  the  errors  in  feet  per  100  ft.  are:  (1)  =  0.005,  (2)«0.01, 
(3)  =0.002,  (4)  =0.01,  (5)  =0.005,  (6)  =0.01,  (7) -0.002, 
(8) =0.005,  (9)  =0.01. 

Assuming  that  these  values  correspond  to  the  same  degree 
of  care  in  chaining  and  that  all  have  the  same  algebraic  sign, 
their  sum  (0.059)  is  the  maximum  possible  error  that  could 
occur  in  100  feet — a  precision  of  about  xiVff-  I*  ^  evident, 
however,  that  to  add  the  errors  from  all  nine  sources,  and 
then  multiply  the  result  by  the  number  of  tape-lengths  in  the 
length  of  a  line,  will  not  give  the  total  error  for  the  following 
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reasons:  (1)  Ck)nstant  errors  from  some  sources  may  be  plus, 
while  constant  errors  from  other  sources  may  be  minus,  and 
hence  even  constant  errors  may  tend  to  balance  each  other; 
(2)  While  that  part  of  the  total  error  due  to  constant  or  cumu- 
lative errors  varies  as  the  number  of  tape-lengths,  that  part 
due  to  accidental  or  compensating  errors  varies  as  the  square 
root  of  the  number  of  tape-lengths. 

The  term  error  as  used  above  means  the  true  or  unknowable 
error  as  distinguished  from  the  discrepancy  between  dupli- 
cate measurements.  As  already  pointed  out  the  discrepancy 
is  iM>t  affected  by  constant  errors  (p.  11). 

The  problem  of  how  far  the  constant  error  from  each  source 
mttsi  be  eliminated  in  order  that  the  discrepancy  between 
two  measurements  of  a  line  shall  indicate  the  true  error  within 
prescribed  limits  (assuming  no  mistakes  are  made)  is  seen 
to  be  a  complicated  one.  Even  could  proper  algebraic  signs 
be  given  to  constant  errors  from  different  sources,  it  would 
still  be  difficult  to  assign  values  which  would  represent  the 
same  care  in  the  corresponding  operations  of  chaining.  In 
practice,  time  and  expense  usually  limit  the  precautions  to 
be  taken  in  eliminating  constant  errors,  and  where  the  work 
is  important  enough  to  warrant  it  the  aim  is  to  eliminate 
or  correct  the  error  from  each  source  as  far  as  it  is  possible 
for  human  skill  to  do  it  under  the  prevailing  conditions.  In 
ordinary  work,  however,  the  practical  question  is  not  how  to 
attain  the  greatest  precision  but  how  to  attain  the  required  pre^ 
cifiion,  and  this  means  that  the  chainmen  should  know  what 
errors  to  slight  and  what  not  to  slight.  Chainmen  too  often 
waste  time  and  effort  in  eliminating  errors  which  are  relatively 
unimportant,  and  ignore  at  the  same  time  errors  which  are 
much  more  serious.  A  careful  study  of  this  chapter  and  es- 
pedally  of  Art.  69,  p.  43,  and  of  Table  IV  should  help  to  correct 
such  a  tendency. 


CHAPTER  VI 

CHAINING.    SPECIAL  WORK 

In  this  chapter  methods  are  given  for  chaining^  between  points  when 
they  are  not  visible  from  each  other,  for  referencing  points,  for  mfc^ing 
a  cnain  survey,  for  measuring  base-lines,  and  for  doing  similar  work  whicE 
may  arise  in  practice,  but  which  is  not  a  part  of  the  routine  of  chaining. 

Purely  geometrical  and  trigonometrical  problems  in  chaining  are  treated 
in  the  next  chapter. 

77.  Obstacles  to  Chaining.  In  addition  to  the  two 
examples  here  given,  other  obstacle  problems  with  geometrical 
solutions  are  given  in  Chapter  VII. 

(a)  To  chain  over  a  high  toall  or  other  similar  obstacle.  Drive 
two  nails  through  a  board,  the  heads  projecting  on  one  side 
and  the  points  on  the  other.  Lay  the  board  across  the  wall 
with  the  points  of  the  nails  up,  and  bring  both  nails  in  line. 
Suspend  a  plumb-line  from  the  head  of  each  nail  and  thus 
establish  two  points  on  the  ground,  one  each  side  of  the  wall, 
a  known  distance  apart  (i.e.,  distance  of  nails  apart).  A 
transit-pole  with  plumb-lines  tied  to  it  can  be  used  in  place 
of  the  board  and  nails. 

(6)  To  chain  between  two  points  when  woods  or  underbrush 
intervene  so  that  neither  point  can  be  seen  from  the  other.  Start- 
ing at  one   of  the   points  A,  chain  along  a  straight  line  AC 

as  nearly  as  can  be  guessed  at  in  the 
direction  of  the  other  point  B.  Measure 
the  distance  CB  that  this  line  strikes 
to  one  side  or  the  other  of  B.  Assume 
Fig.  77  (5).  any  distance  on  AC  as  AD,  and  from 

ADxCB 
similar  triangles  DE  =  — -jjy —  •     ^^^y  ^^  ^^*  *^"s  establishing 

the  point  E.  If  this  is  done  with  reasonable  care,  the  line  AE, 
when  produced,  should  pass  through  B,  or  near  enough,  at  least, 
to  show  where  a  line  should  be  cleared  for  the  final  chaining. 

78.  Referencing  a  Point,     (a)  To  fix  its  position  with  re- 
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spect  to  two  or  more  points,  so  that  if  it  is  lost  or  destroyed 
it  may  be  easily  restored.  There  are  three  ways  of  doing 
this  with  the  tape,  corresponding  to  three  of  the  methods  of 
locating  a  point  in  Art.  8,  p.  4:  (1)  By  two  distances;  (2)  By 
offset;  (3)  By  two  intersecting  lines. 


A 

A 

&/       B 

A 


%. 


^ 


m//m/MMM 


(6)  lUuatratvm,     (1)  Let  A  in  Fig.  78  (6)  be  a  tack  in  a  stake.     Two 

distances  from  the  corners  of  a  building  near 
by  were  measured,  thus  referencing  A.  If  the 
stake  is  destroyed,  another  may  be  easily  reset, 
provided  the  interaection  of  the  two  reference-linea 
is  sharp  and  definite.  The  point  B,  for  exam- 
ple, cannot  be  referenced  accurately  from  the 
same  two  corners  because  it  is  too  nearly  in  a 
straight  line  between  them  for  the  intersection 
to  be  definite. 

(c)  lUustratian.  (2)  In  Fig.  78  (c)  the  point 
C  was  referenced  by  meas- 
uring a  distance  along  a 
fence  from  a  fence-corner, 
and  then  another  distance  out  at  right  angles.  This 
method  is  more  difficult  and  less  accurate  in  field 
work  than  that  of  the  preceding  illustration. 

(d)  lUuatration.  (3)  A  third  method  of  refer- 
encing a  point  is  to  establish  two  other  points  in 
the  same  straight  line,  one  each  side  of  the  given 
point,  and  measure  the  distance  from  the  given  point  1    Distance 

to  each  of  these  reference-points.     Or,  better  still, 
establish   four   reference-pomts   so   that   the   given 


Fig.  78  (6). 


lo 


s 

OS 

03 


Fence 
Fig.  78  (c). 


B,, 


.O 


point  may  be  determined  without  measurement  by 

the  intersection  of  two  straight  lines.     (See  Fig.  8  (6),  p.  4.) 

79.  To  Chain  between  Two  Points  when  Neither  can  be 
Seen  from  the  Other,     (o)  Illustration.     Let  A  and  D  be  two 

points  with  the  brow  of  a  hill 
between  them.  One  chainman, 
Bf  goes  as  far  back  as  he  can 
and  still  see  D.  The  other 
chainman,  C,  goes  as  far  down 
hill  as  he  can  and  still  see  A.  3 
and  C  are  both  out  of  line,  but 
they  proceed  to  line  each  other 
in  alternately.  B  lines  C  in 
with  D.  C  then  lines  B  in  with 
A.  B  again  lines  C  in  with  Z), 
Fxo.  79  (o).  and  C  again  lines  B  in  with  A. 

Thus  the  process  is  carried  on  until  both  B  and  C  are  in  line. 

Poles  are  set  at  B  and  C,  and  these  enable  the  chainmen  to 

measure  in  a  straight  line  between  A  and  D.     The  method  of 

Art.  77  (6)  can  also  be  used. 

(6)  Practical  suggestions.     Poles  may  be  set  at  ^4.  and  D  to  begin  with. 
The  chainmen   themselves   can  hold  either  poles  or  plumb-lines.     Time 


66 


CHAINING 


Fia.  80. 


will  be  saved  if  when  one  chainman  in  lining  the  o^her  in  he  will  aend  him 
a  little  farther  in  the  direction  in  which  he  is  moving  than  appears  neoee- 
sary.  Thus  in  Fig.  79  (a)  B  moves  C  to  C"  instead  of  to  C,  and  C"  then 
moves  B  to  B"  instead  of  to  B',  and  so  on. 

(c)  Remark.  When  a  valley  intervenes  between  two  points  a  iHmiiar 
method  can  be  employed  to  establish  points  on  line  in  the  valley.  In 
most  cases,  however,  since  one  point  can  be  seen  from  the  other,  a  pole  is 
set  on  line  with  the  transit.  When  a  transit  is  not  at  hand  still  anoih*r 
method  is  as  follows:  One  chainman  holds  a  plumb-line  over  oi^  point 
and,  placing  his  eye  so  that  the  string  covers  a  rod  held  at  the  other  point 
(on  the  opposite  hill),  lines  in  a  second  rod  held  in  the  valley  until  it  too 
is  covered  by  the  string. 

80.  To  Make  a  Chain  Survey.    It  is  sometimes  necessary 
to  make  a  complete  survey  using  the  tape  only.    In  many 

cases  this  can  be  done  with  as  great 
accuracy  as  the  purpose  of  the 
survey  requires.  In  Fig.  80  is 
shown  the  survey  of  a  house  and 
lot,  in  which  no  angles  were  meas- 
ured. A  station  S  was  chosen 
from  which  all  four  comers  of  the 
lot  could  be  seen.  The  four  sides 
of  the  lot  and  the  four  dotted  lines 
were  measured.  From  these  eight 
measurements  the  boundaries  of  the 
lot  were  plotted.  Had  it  not  been  for  the  house  it  would  have 
been  simpler  to  divide  the  quadrilateral  by  diagonals  into  two 
triangles  instead  of  four. 

(a)  Question.  What  is  the  best  method  of  locating  the  house  by  linear 
measurements  only? 

(b)  Question.  If  desired,  how  can  the  angle  at  each  of  the  four  fence- 
comers  be  found  from  the  eight  original  measurements? 

(c)  General  method  for  a  chain  survey.  Establish  a  system  of 
triangles  to  serve  as  reference-lines.  This  network  of  triangles 
should  be  as  simple  as  possible  and  planned  with  an  eye  to 
locating  details.  Measure  the  three  sides  of  each  triangle. 
Locate  detaib  with  respect  to  the  most  convenient  reference- 
lines  by  any  of  the  methods  for  linear  measurement  given  in 
Chapter  XIII. 

(d)  Remark,  The  transit  is  used  so  generally  that  students  are  apt 
to  think  that  a  survey  cannot  be  made  with  a  tape  alone.  For  short  lines 
and  small  areas,  however,  the  tape  will  often  answer  everv  purpose.  £v«m 
horizontal  angles  can  be  measured  with  it  (p.  63),  though  this  is  not  often 
necessary.  The  reference-lines  are  laid  out  in  triangles  to  save  measurinc 
angles,  and  this  is  the  chief  difference  between  a  chain  survey  and  a  transit 
survey. 

81.  Locating  Houses,  Fences,  Streets,  Streams,  and 
Other  Details  with  the  Tape,     Not  only  in  chain  surveys, 
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but  in  transit  surveys  as  well,  the  chainmen  are  often  called 
upon  to  locate  details  of  the  survey  with  reference  to  transit 
lines  by  the  use  of  the  tape  alone.  The  methods  of  locating 
such  details  by  linear  measurements  only  are  fully  discussed 
in  Chapter  XIII. 

82.  To  Measure  a  Base-line,  or  any  other  straight  line  with 
more  than  ordinary  accuracy.  There  are  several  devices  for 
measuring  base-lines  with  great  accuracy  (see  Chapter  XVI). 
The  following  method  in  which  a  steel  tape  is  used  should  give 
results  accurate  enough  for  most  purposes;  i.e.,  with  reason- 
able care  the  discrepancy  between  two  measurements  of  the 
same  line  should  not  exceed^  rviiWir-  "^^^  ^^P^  i^  supported 
by  stakes,  the  pull  is  kept  at  standard  with  a  spring-balance, 
and  a  thermometer  gives  the  temperature  for  which  correction 
is  made.  Thus  the  three  chief  sources  of  error  are  as  far  as 
possible  avoided.     The  work  may  be  outlined  as  follows: 

(1)  Drive  stakes  at  short  intervals  along  the  line  so  that 
when  a  tap>e  is  stretched  across  the  tops  it  will  be  horizontal. 
The  distances  between  the  stakes  should  be  such  that  the  end 
of  the  tape  will  come  on  a  stake  each  time  that  the  tape  is 
stretched. 

(2)  Stretch  the  tape,  using  a  spring-balance  at  one  end  to 
keep  the  pull  at  8  lbs.  or  12  lbs.  or  whatever  the  standard 
for  the  tape  may  be,  mark  the  end  of  each  tape-length  with 
a  fine  scratch  on  top  of  the  stake,  and  from  a  thermometer 
reading  correct  the  total  measurement  for  temperature  (see 
Art.  62,  p.  40). 

(3)  Repeat  the  measurement  a  number  of  times  and  take 
for  the  final  result  the  arithmetical  mean  of  all  the  measure- 
ments, discarding,  of  course,  any  measurement  which  is  ob- 
viously incorrect. 

(1)  Practical  9ugge9(iona.  Use  large  stakes,  say  2"X4"  for  intermediate 
stakes  and  4"  X  4/'  or  6"  X  6"  for  the  two  end  hubs.  All  stakes  must  be 
firmly  set.  They  naay  be  lined  in  with  the  transit  and  the  tops  sawed 
o£F  to  a  level,  or  nails  may  be  driven  in  the  sides  of  the  stakes,  the  tape 
restinj^  on  the  nails.  The  latter  method  is  not  recommended  for  work 
of  great  precision.  A  zinc  plate  upon  which  to  make  the  scratches  is 
sometimes  put  cm  the  top  of  each  stake.  In  important  work  the  two 
end  stakes  or  hubs  should  be  made  more  or  less  permanent  and  the  ends 
of  the  base-line  carefully  referenced  (p.  54).  This  is  sometimes  done 
by  setting  the  hub  in  concrete  and  building  a  fence  around  it  to  keep  it 
from  being  disturbed  during  construction.  To  keep  the  tape  in  position 
oa  the  t<ros  of  supporting  stakes  drive  two  small  nails  part  way  into  each 
stake  so  that  there  will  be  one  on  each  side  of  the  tape  when  it  is  stretched. 

(2)  When  it  is  impracticable  to  set  stakes  on  a  level  they  may  be  set 
with  their  tops  (or  supporting  nails)  on  a  known  slope,  and  the  measured 
length  is  then  corrected  for  the  slope.     Occasionally  it  m.a.v  V«i  \5fe<«jas».x^ 
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to  divide  a  base-line  into  several  sections,  each  section  at  a  different  level, 
the  plumb-line  being  used  as  in  ordinary  chaining  but  with  more  pre' 
cautions  to  insure  accuracy. 

Remark.  The  author's  classes  have  sometimes  used  the  following  method 
for  measuring  a  base-line  through  thick  underbrush.  The  line  was  first 
cleared  by  cutting  the  brush  to  within  a  foot  or  so  of  the  ground.  Tripods, 
belonging;  to  a  number  of  levels  and  transits,  were  set  in  line,  20  ft.  apart, 
with  their  tops  on  a  level.  These  acted  as  supports  for  the  tape,  keeping 
it  three  feet  or  so  above  the  ground.  As  fast  as  tripods  were  left  behind 
they  were  taken  up  and  set  on  line  in  advance  of  the  tape.  If  care  is 
ta^n  to  prevent  any  movement  of  the  tripods  while  they  are  being  used, 
excellent  results  can  be  obtained. 

Such  a  large  number  of  tripods  will  seldom  be  available  in  practice, 
but  rough  tripods  can  be  easily  constructed  and  used  in  their  places.  For 
an  example  of  a  more  elaborate  apparatus  for  supporting;  and  str^hing 
the  tape,  used  for  very  precise  measurements,  see  Engineenng  News,  Feb.  1, 
1894,  Julv  12,  1894,  Sept.  14,  1902;  also  Transactions  A.  S.  C.  E.,  Aug. 
1902,  and  Johnson's  Surveying,  p.  498. 

(3)  Ideal  conditions  for  base-line  measurements  are  (1)  level  ^fround, 
(2)  cloudy  weather,  and  (3)  the  same  temperature  as  that  for  which  the 
tape  is  standard.  Needless  to  say  all  three  of  these  conditions  seldcon 
exist  in  practice.  It  is  difficult  to  ascertain  the  temperature  of  a  tape 
lying  in  the  sun,  hence  a  cloudy  day  or  even  the  night-time  is  preferable 
for  accurate  measurements. 

(4)  A  finely  divided  scale  may  be  used  to  measure  the  decimal  of  a  foot 
in  the  end  measurement. 

(5)  Rough  devices  with  tumbuckles  for  keeping  the  tape  steady  and  at 
a  given  pull  are  easily  constructed  and  add  greatly  to  the  accuracy  of 
measurements.  These  devices  are  usually  frameworks  which  can  be 
quickly  moved  and  set  up  to  hold  the  tape,  thus  taking  the  place  of  the 
chainmen.  In  the  absence  of  such  a  device  each  chainman  can  brace 
his  hands  by  a  stake  held  obliquely  with  one  end  on  the  ground  to  resist 
the  pull.     Whatever  happens  the  supporting  stakes  should  not  be  disturbed. 

(6)  In  chaining  a  base-line  it  is  desirable  to  chain  in  opposite  directions 
and  to  proceed  in  such  a  manner  that  in  marking  where  the  end  of  the 
tape  comes  one  is  not  influenced  by  scratches  made  in  previous  measure- 
ments. 1 

Illuatration.  The  supporting  stakes  for  a  base-line  AB  are  20  ft.  apart. 
The  base-line  is'420  ft.  db  long.  A  100-ft.  steel  tape  is  used.  Five  different 
measurements  of  the  line  can  be  made  without  having  two  scratches  on 
the  same  stake. 


A24531245312453124531B 

(1)  Starting  at  A  the  scratches  fall  on  stakes  marked  1 ;  (2)  starting  at 
B  they  fall  on  stakes  marked  2;  (3)  starting  at  A  with  a  measurement 
of  80  ft.,  the  intermediate  measurements  being  100  ft.,  scratches  fall  on 
stakes  marked  3;  (4)  starting  from  B  with  a  first  measurement  of  80  ft. 
they  fall  on  stakes  marked  4;  (5)  finally,  starting  from  A  with  60  ft. 
(intermediate  measurements  100  ft.)  scratches  fall  on  stakes  marked  5. 

83.  To  Find  the  Probable  Error.  Suppose  that  in  the  pre- 
ceding illustration  when  the  corrections  for  temperature  have 
been  made,  and  all  other  constant  errors  have  been  eliminated 
as  far  as  possible,  the  five  measurements  are  those  given  in  the 
first  column  on  the  next  page.  It  is  required  to  find  the  proba- 
ble error  of  a  single  measurement  and  the  coefficient  of  precision 
for  chaining  (see  p.  46).  This  is  done  by  the  method  of  least 
squares,  using  the  formulas  on  p.  17.  It  will  be  noticed  that  the 
algebraic  sum  of  the  residuals  is  not  zero  as  it  should  be.  This 
is  because  the  values  of  v  were  taken  only  to  the  nearest  unit 
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in  the  third  decimal  place,  which  is  sufficient  for  all  practical 
purposes.     The  work  is  given  in  detail  below. 

Measurement.  v  t>'  * — ..  .^ 

419.862  0.002  0.000004  ^o=0.6745i/--il — 

419.863  0.003  0.000009  ^   n{n-l) 

419.857  0.003  0.000009       ^q  6745 X 4/2i^552HZ 
419.861        0.001  0.000001  r  20 

419.858  0.002  0.000004       =0.00078 


5)4.301  i'v' =0.000027 

419. 8602  =  mean 

The  probable  error  of  the  mean  is  0.00078  or  about 


540000 


The  probable  error  of  a  single  observation  is  ^ = 0.6745i/     ^   , 

f^   n—l 

or  in  this  case  0.67454/^-^^^'^^  =  0.00175  or  about  ^ L_. 

f  4  240000 

To  determine  coefficient  of  precision.     The  probable  error  of  the 

total  observed  length  Rb=  rVN  (see  p.  45)  or  0.00175 =rVi^ 

=rV4+  or  r =0.0008  +  .     Hence  the  probable  error  of  a  line 

say  900  ft.  measured  under  exactly  the  same  conditions  may 

be  expected  to  be  about  0.0008^9=0.0024  ft. 


CHAPTER  Vn 


CHAINING— PROBLEMS 

There  are  certain  proUems  which  occasionally  ariae  in  chaining  but 
which  are  of  too  infrequent  occurrence  to  be  called  a  part  of  the  routine 
field  work.  These  problems  have  been  grouped  for  reference  in  this 
chapter.  Since  many  of  them  are  simply  geometrical  construetions,  it 
will  be  helpful  to  remember  that  in  working  them  out  in  the  field  the 
tape  or  chain  is  used  very  much  as  the  scale  and  compasses  are  used  in 
similar  constructions  in  the  drafting-room.  Indeed  many  of  the  problems 
can  be  worked  out  just  as  well  in  the  classroom,  but  each  student  should 
do  enough  of  them  m  the  field  to  gain  confidence  in  the  different  methods, 
and  in  his  ability  to  carry  them  out. 


84.  To  Construct  a  Right  Angle  with  a  Tape  by  the  3-^-5 
Method.  If  the  lengths  of  the  sides  of  a  triangle  are  in  the 
ratios  of  3:4:5,  one  angle  of  the  triangle  must  be  90®.  Hence 
to  construct  a  right  angle,  form  a  triangle  with  the  tape,  UBiog, 
for  example,  any  one  of  the  following  combinations: 

[3^-5],  [6-8-10],  [9-12-15],  [12-16-20],  [15-20-25],  [18-24-30], 

[21-28-35],  and  so  on. 

(a)  Illustration.  In  Fig.  84  (a)  one  chainman  holds  the  0  and  the  48-ft. 
mark  of  a  50-ft.  cloth  tape  together,  a  second  man 
holds  the  tape  at  the  36-ft.  mark,  while  a  third  holds 
it  at  the  20-ft.  mark.  When  stretched  the  tape  will 
form  a  right-angled  triangle.     (Why?) 


There  are  two  objections  to  the  above  method: 

(1)  three  chainmen  are  required,  and  (2)  if  a 

steel  tape  is   used   it   cannot   be  bent  sharply 

Fig.       (a).       enough  to   form   the  vertices  of   the  triangle. 

Another  method  of  forming  the  triangle  often  used  is  shown  m 

the  following  illustration: 

(6)  lUuatration.  In  Fig.  84  (6)  it  is  desired  to  construct  a  right  angle 
at  a  point  c  in  the  line  ab,  one  side  of  which  shall 
coincide  with  ac.  Establish  a  point  e  30  ft. 
from  c.  The  0  end  of  a  100-ft.  tape  is  held  at  c, 
the  100-ft.  end  at  c,  and  the  50-ft.  and  60-ft.  marks 
are  brought  together,  the  portion  of  the  tape  not 
used  forming  a  loop.  The  tape  stretched  tight 
forms  a  right-angled  triangle  with  sides  30,  40, 
and  50  ft.  long.  By  fastening  the  ends  of  the  tape 
at  e  and  c  one  man  can  do  all  the  work. 

Question.  If  a  50-ft.  tape  is  used  and  the 
25-ft.  and  30-ft.  marks  are  brought  together, 
what  should  be  the  distance  from  c  to  e  ?  Fig.  84  (6), 
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85.  Perpendiculars  and  Parallels.  The  methods  of 
establishing  perpendiculars  and  parallels  with  the  tape  are 
based  upon  familiar  geometrical  constructions.  It  is  to  be 
remembered,  however,  that  straight  lines  and  arcs  of  circles 
cannot  be  drawn  upon  the  ground  with  the  same  ease  that 
they  can  be  drawn  on  paper;  the  ground  is  often  so  rough 
or  sloping  that  they  cannot  be  drawn  at  all.  In  many  cases, 
therefore,  chainmen  must  exercise  ingenuity  in  applying  geo- 
metrical principles.  The  difference  between  methods  of  the 
drafting-room  and  methods  of  field  work  in  making  the  same 
geometrical  construction  is  brought  out  in  the  following  illus- 
trations. It  is  important  not.  only  to  know  geometrical  construo 
tionSj  but  also  to  know  how  the  tape  should  he  used  in  making 
them, 

(a)  To  erect  a  perpendicular  at  any  point  in  a  line.  The 
3-4-5  method  of  the  previous  article  may  be  used.  Two 
other  methods  are  indicated  in  Figs.  85  (6)  and  85  (c). 

(&)  JUuatratwn.  Oeometrical  conMtmction.  Required  to  erect  a  perpen« 
dicular  at  b  to  the  line  ab.     From  any  point  c 

describe  an  arc  of  a  circle  of  radius  tb,  intersect-  / 

ing  ah  at  e.     Find  d  in  line  with  ec.  •^^    ,' 

Fitld  work.     The  field   work   with  a    100-ft.  7(4 

tape  could  be  done  as  follows :   Establish  c  50  ft.  /' 

from  h  by  holding  0  at  b.      Keeping  the  50-ft.  / 

marie  at  e,  find  e  by  swinging  the  0  end  of  the  tape  ^/ 

and  with  0  at  e,  50-ft.  mark  still  at  c,  stretch  / 

the  tape  unUl  the  100-ft.  mark  determines  d.  / 


\ 

\ 
\ 
I 
I 


(e)  lUuatnUwn.     The  difference  between  using       ■         ^ 


J/ 


the  C(»ipas8es  and  the  tape  is  illustrated  in  Fig.      ft         c*"*^ ^  6 

85  (e).     With  the  compasses  evervthing  is  done 

with  intersecting  arcs  as  indicated  in  the  fifiure.  Fig.  85  (b). 

With  the  tape  a  better  way  is  as  follows:   With 

the  25-ft.  mark  at  b,  establish  c  opposite  the  0  mark  and  d  opposite  the 

50-ft.  mark.      Keeping  0  at  c,  hold  the  100-ft.  mark  at  d  and  stretch  the 

tape,  establishing  e  at  the  middle  of  the  tape  (50-ft.  mark).     Or  if  it  is 


f 


'\ 


V  /  \ 

f 

\  / 

-I —       -— ^ 


e 


\ 
\ 


Fia.  85  (c). 


a  steel  tape,  bring  the  45-ft.  mark  and  55-ft.  mark  together  to  avoid  bend- 
ing, thus  eflHtablishing  a  point  on  the  perpendicular  45  ft.  from  both  c  and 
d.  If  a  check  is  desired,  find  another  point  on  the  opposite  side  of  the 
line  in  exactly  the  same  manner,  or  if  this  be  impossible,  another  point  on 
the  same  side«  using  different  distances. 

(d)  Remark.     In  each  of  the  above  illustrations  notice  that  one  pomt  of 
the  tape  was  fixed  during  the  entire  work  in  order  to  «.«k.xft  wKafeR«,-?i*ax^ 
settings  of  the  tape.      In  the  geometrical  consttwcWotva  ^VvvOcv  ^<^^  ^i,^ 
not  enough  simply  to  recognise  the  metViod,  >a\it  covwivAfcx  ^i-axfcVv^^j  t^'^'"^ 
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each  one  could  be  carried  out  in  the  field,  setting  and  stretching  the  tape 
the  smallest  number  of  times. 

To  let  fall  a  perpendicular  to  a  given  line  from  any  given  point. 
(e)  In  Fig.  85  (e)  from  the  given  point  P  swing  an  arc  inter- 
secting the  given  line  in  two  points.     The  required  perpen- 


J|P 


•  / 

:i=^ 


^ 


Fig.  85  (e). 


Fig.  85  (/). 


Fig.  S5(g). 


dicular  through  P  passes  half-way  between  the  two    points 
of  intersection. 

Question.     If  an  arc  could  not  be  drawn  on  the  ground,  how  would  the 
tape  be  used? 

(/)  In  Fig.  85  (/)  the  construction  is  that  of  Fig.  85  (b)  worked 
backward.  Choose  any  convenient  point  on  the  line  as  K, 
fmd  the  point  c  half-way  between  P  and  K,  and  with  c  as  a 
center  and  cK  as  a  radius  cut  the  given  line  at  n,  the  foot  of 
the  required  perpendicular. 

(g)  In  Fig.  S5  (g)  a.  perpendicular  is  first  erected  at  any  con- 
venient point  as  a,  and  a  line  through  P  constructed  parallel 
to  it.  See  Arts.  85  {h),  85  (i),  and  85  0)-  Or  any  two  points 
as  d  and  b  may  be  assumed  in  line  with  P,  and  c,  the  foot 
of  the  required  perpendicular,  found  from  similar  triangles 
daXdP 


dc  = 


db 


A  second  method.    With  any  point  on  the  given  line  as  d 
swing  an  arc  through  P  intersecting  the  given  line  at  e.    To  find 


c,  since  dP=def  then  ce  = 


Pe' 


2de 


Question.  How  could  the  methods  of  Fig.  85  (g)  be  best  carried  out 
with  a  tape? 

Question.  What  methods  of  erecting  or  letting  fall  a  perpendicular  are 
best  adapted  when  the  perpendicular  is  near  or  at  the  end  of  a  line  and  the 
line  itself  cannot  be  produced? 

To  run  a  line  through  a  given  point  parallel  to  a  given  line, 

Qi)  In   Fig.  85  (h)  a  perpendicular  Pp  is  let  fall  from  the 

given  point  to  the  given  line,  and  at  some  other  point  in  the 

line  as  r  another  perpendicular  rs  of  equal  length  is  erected. 

{/)  In  Fig.  85  (i)  choose  any  convement  pom\,  on  \.Vi"fc  ^ncg. 
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line  as  c  and  find  a  half-way  between  P  and  c.     Assume  a 
point  e  and  make  ah  equal  ea. 

!  >  "^C  \  / 

\    / 
\  /  ' 

FiQ.  85  (A).  FiQ.  85  (i).  Fio.  85.(y). 

(y)  In  Fig.  85  (y)  assume  any  convenient  line  as  mn  through 

P,  and  make  mo  equal  to  mn.     Find  x  when  mx=mP. 

Remark.  Other  methods  will  suggest  themselves  to  the  student.  The 
method  of  Fig.  85  (t)  is  quick  and  accurate  and  easily  checked  by  the 
method  of  Fig.  85  (h),  A  check  on  the  method  of  Fig.  85  (h)  is  the  equal- 
ity of  the  diagonals. 

86.  Laying  off  or  Measuring  Angles. — Angles  may  be 
laid  ofif  by  means  of  a  steel  tape  with  considerable  accuracy, 
the  error  often  not  exceeding  5'.  The  trigonometrical  methods 
of  the  chapter  on  Plotting  Angles,  Part  II,  are  used.  Since  meas- 
urements are  in  feet  instead  of  in  inches  and  since  the  tape  is 
used  instead  of  drawing-instruments,  the  operations  in  the  field 
are  somewhat  different  from  those  in  the  drawing-room,  as,  for 
example,  when  erecting  perpendiculars,  but  the  trigonometrical 
methods  are  of  course  the  same. 

(a)  Tangent  method.  (See  p.  458.)  The  base  by  which  the 
tangent  of  the  angle  is  to  be  multiplied  may  be  any  convenient 
number  of  feet,  say  50'  or  100'.  Perpendiculars  are  erected 
by  one  of  the  methods  of  Art.  85. 

(6)  Chord  methods  (See  p.  459.)  The  um't  radius  may  be  any 
convenient  number  of  feet,  say  50'  or  100'.  As  circles  can- 
not often  be  drawn  on  the  ground,  many  of  the  practical  sug- 
gestions for  using  the  compasses  do  not  hold  good  for  the 
tape.  Use  the  tape  in  a  manner  similar  to  that  shown  in 
Fig.  86  (6),  one  portion  of  the  tape  stretched  to  form  the  chord 
of  known  length,  the  other  portion  form- 
ing the  required  side  of  the  angle. 

lUuatralion.  To  lay  off  an  angle  of  47°  8' 
clockwise  from  AB,  using  100-ft.  tape.  Chord 
for  unit  radius  is  0.7996.  For  50  ft.  it  is  39.98 
ft.  Find  c  50'  from  A  on  AB.  Holding  0  mark 
at  c  and  100  mark  at  A,  bring  50-ft.  mark  and  ^^ 

39.98  together.     This  will  give  e,  a  point  on  the       f^^^Z — rS^ 
reouired  side.  -        pe  ^ 

Remark.     The  chord   method   is   usually  the  ■ni,o_    ©a  c-wn  " 

most  satisfactory  one  to  use  in  the  field.  *        ^  '* 

(c)  Sine-cosine  method.    For  any  umVi  ia.d\M"a  ^i^:^'&  ivaa  "ascv^ 
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Tape  Loop 
Fio.  86  (e). 


cosine  distances  can  be  found  and  used  in  the  same  way  that 

,g     the  two  distances  were  used  in  the  preceding 
example. 

lUuatration.  To  lay  off  an  aftgle  of  47°  8^  Sine 
=  0.7329,  cosine  =  0.6803.  Find  c  50'  from  A  as 
before,  sin  X  50  =  38.645,  cos  X  50  =  34.015.  When 
the  tape  is  stretched  as  shown  in  the  figure  it  will 
form  a  right  angle  at  e,  a  point  on  the  required  side* 

id)  Measuring  angles.  Angles  between 
two  given  lines  may  be  measured  with  the 
tape  by  reversing  the  methods  outlined  in 
this  article. 

87.  Obstacles  to  Chaining  which  prevent  chainmen  from 
measuring  directly  between  two  points  give  rise  to  a  set  of 
problems  in  which  distances  are  found  by  indirect  measure- 
ments. In  this  article  these  problems  are  all  solved  by  geo- 
metrical methods.* 

Obstacles  to  chaining  are  of  two  kinds;  (1)  obstacles  to  measure- 
ment and  (2)  obstacles  to  alignment.  For  any  problem  likely 
to  occur  in  practice  there  are  usually  several  geometrical  solu- 
tions;   it  will  suffice  to  give  two  for  each  problem. f 

(a)  To  measure  between  two  points  when  both  are  atcesmble. 


Fig.  87  (a) 

First  method.  Assume  C,  make  CB'  =  BC  and  CA'=ACl 
thenA'5'  =  AB. 

Second  method.  Establish  F  at  any  point  equal  distances 
from  D  and  E.  Make  FH=^FG  any  convenient  distance. 
Then  DE  =  {HG  X  DF)  -^  HF,  (See  Fig.  87  (6),  p.  65,  for  a  thmi 
method.) 

(6)  To  measure  between  two  points  when  one  is  inaccessible. 


*  Many  of  the  same  problems  can  be  more  easily  solved  by  trigCKXMiief- 
rical  methods,  provided  a  transit  is  Msed.     (See  Chapter  XVIII.) 

t  The  student  with  a  good  knowledRe  of  geometry  should  be  aWe  to  d«- 
fowp  other  methods.     For  a  very  complete  ccAYectVou  ol  o\-)»\,aLc\fc  -^tc^e^kcea 
Moef  saiut Jons  see  Gillespie's  Surveying,  Vol.  1,  paces  7^W. 
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First  method.  Lay  oS  AC  any  convenient  length  perpen- 
dicular to  the  required  distance  AB,  and  lay  off  DC  perpen- 
dicular to  BC,    Then  AB  =  AC^^AD, 

Second  method.  Assume  /  anywhere  in  line  with  the  required 
distance  FG.  Assume  H  anywhere.  Make  HJ=HI  and  HK 
=HG.  Establish  L  in  the  line  FH  and  at  the  same  time  in 
the  line  JK  produced.     Then  KL  =  FG. 

(c)  Other  methods.  Assuming  that  the  point  B  in  Fig.  87  (6) 
is  not  a  fixed  point  but  any  point  in  line  on  the  opposite  bank 

B 


FiQ.  87  (6). 
of  the  river,  how  could  an  equilateral  triangle  be  constructed 
and  used  for  finding  the  distance  AB?      How  could  a  right 
triangle  with  a  60®  angle  at  C  be  used  for  finding  the  same 
distance? 

(d)  To  m£asure  to  an  inaccessible  point  high  above  ground,  i.e., 
to  measure  the  height  of  an  object.  Set  a  transit-pole  in  the 
ground  some  distanc  from  the  object  and  with  the  eye  some 
feet  away  from  the  pole  sight  across  the  top  of  the  pole  to  the 
inaccessible  point.  This  line  of  sight  is  the  hypothenuse  of  two 
similar  triangles;  the  unknown  height  is  the  vertical  side  of 
one  triangle,  and  the  transit-pole  the  vertical  side  of  the  other. 
The  two  bases  of  the  triangles  can  be  measured  and  the  pro- 
portion formed.  This  method  will  of  course  give  only  approxi- 
mate results. 

(e)  To  measure  between  two  points  when  both  are  inaccessible. 
First  method.     AB,  Fig.  87  (e),  is  the  required  distance,  A  and 

B  being  both  inaccessible.     Assume  any  line  CC  and  find  its 
middle  point  D.     Assume  E  \n  AC,  and  F  in  BC.     Make  DE'  = 
DE,  and  DF'^DF.     Find  A'  at  the  intersection  of  AD  and 
E'C,  and  find  B'  at  the  intersection  of  BD  and  F'C\    Then 
A'B'=AB.     (Why?) 
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Second  metkod.    GHj  Fig.  87  (e),  is  the  required  distance.    As- 
sume /  anywhere.     Find  the  distances   GI  and  HI  by  dthei 
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Fig.  87  (e). 

method  of  Fig.  87  (6).     Assume  J  anywhere  in  GI,     Lay  off 
IK=  (HIxJI)-^GI.    Measure  JK.    Then  GH=  iJKxGI)-^JL 

(/)  To  prolong  a  straight  line  through  an  obstacle. 

First  method.     Let  A  5  be  the  line  to  be  prolonged  in  Fig.  87  (/). 

A  _B 
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V ft 
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c 


Fig.  87  (/). 


Construct  an  equilateral  triangle  ACD  by  constructing  a  smaller 
equilateral  triangle  at  each  apex  A,  C,  and  D.  This  is  another 
method  also  of  measuring  between  two  points. 

Second  method.  EF  in  Fig.  87  (/)  is  to  be  prolonged.  Assume 
G.  Make  GF'  =  FG,  GE'  =  EG,  GF''  =  GF',  E"F"=E'F\ 
GE'^'^GF",  and  GE'"  =  GE".  (This  method  is  a  double 
application  of  that  shown  in  Fig.  87  (a).)  If  more  convenient 
instead  of  finding  F"  assume  £"'  anywhere  in  line  with  F'E', 
find  H  at  intersection  of  E"F  and  EG,  make  GH'=HG,  and 
find  J^'"  at  intersection  of  E'^G  and  F^H\  A  second  point 
could  be  determined  in  a  similar  manner. 


CHAPTER  Vm 
READING  ANGLES 

This -chapter  is  divided  into  two  parts  to  correspond  to  two  distinct 
steps  in  reading  an  angle:  (1)  reading  the  limb,  and  (2)  reading  the  ver- 
nier.  In  the  first  part  are  shown  several  different  graduations  of  the 
limb,  and  in  the  second  part  several  forms  of  verniers.  To  study  all  these 
graduations  at  the  outset  is  likely  to  lead  to  confusion.  Begin  with  the 
simplest  forms,  as,  for  example,  a  limb  graduated  continuously  (page  70), 
and  a  vernier  reading  to  minutes  (page  78). 

Observe  the  common  mistakes  as  illustrated  by  the  incorrect  readings 
in  the  book,  and  then  practice  with  a  transit  graduated  to  correspond. 
When  this  much  is  thoroughly  understood  it  is  an  easy  matter  to  proceed 
with  a  transit  more  finely  graduated. 


88.  The  Two  Horizontal  Plates.  One  of  the  horizontal 
plates  carries  the  graduated  circle,  the  other  plate  carries  the 
vernier.  The  uprights  (or  standards)  which  support  the  tele- 
8cop)e  are  attached  to  the  vernier  plate,  and  the  zero  of  the 
vernier  serves  as  an  indicator.  Hence  the  telescop>e  cannot 
be  revolved  right  or  left  without  taking  the  indicator  with  it, 
and  the  horizontal  angle  through  which  it  is  turned  is  meas- 
ured by  the  arc  on  the  graduated  limb  passed  over  by  the  indi- 
cator. If  the  indicator  is  opposite  the  zero  of  the  limb  when 
the  telescope  points  to  the  backsight,  and  stops  exactly  oppo- 
site a  graduation-mark  when  the  telescope  is  turned  to  the 
foresight,  the  angle  is  read  without  the  use  of  the  vernier;  when, 
as  is  more  often  the  case,  the  indicator  stops  between  gradua- 
tion-marks the  vernier  reading  tells  how  far  it  has  passed  beyond 
the  last  mark. 

89.  Limb  Graduations.  The  limb  of  the  transit  is  always 
divided  into  360**,  and  every  tenth  degree  is  usually  numbered, 
but  there  are  several  systems  of  numbering  and  several  methods 
of  subdividing  each  degree. 

(a)  Common  systems  of  numbering  limb  graduations.  (1)  FuU 
circle,  0^  to  360**  (see  p.  70);    (2)  Half  ^circle,  0°  to  180°,  then 
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backward  to  0°  (p.  72);  "(3)  Quadrant,  two  zeroes  180**  apart, 
with  numbers  running  up  to  90°  both  ways  from  each  zero 
(p.  74). 

.  (6)  Common  methods  of  subdividing  each  degree,  (1)  Into  two 
parts,  or  30';  (2)  into  three  parts,  or  20';  (3)  into  four  parts, 
or  15';    (4)  into  six  parts,  or  10'. 

(c)  Remark.  On  most  transits  there  are  two  rows  of  numbers,  the  outer 
row  often  corresponding  to  one  system,  the  inner  row  to  another.  Each 
system  has  its  advantages  and  is  adapted  to  some  particular  kind  of  woiii. 

On  an  ordinary  transit  each  degree  is  divided  into  two  or,  at  the  most, 
three  parts ;  it  is  only  on  instruments  intended  for  more  precise  work  that 
the  Umb  is  divided  to  15'  or  10'. 

90.  General  Method  of  Reading  Angles.  There  are  three 
distinct  steps:  (1)  Reading  the  limb;  (2)  Reading  the  vernier; 
(3)  Adding  the  two  readings. 

Remark.  The  majority  of  mistakes  made  in  reading  angles  are  made 
in  reading  the  Umb,  and  not  in  reading  the  vernier.  Moreover,  a  mistake 
in  reading  the  limb  usually  amounts  to  at  least  20'  or  30'  and  often  to 
several  degrees,  while  a  mistake  in  reading  the  vernier  is  seldom  over  a 
minute  or  two.  Hence  the  working  rule  '^Make  sure  of  the  limb  reading 
before  looking  at  the  vernier."  In  learning  to  read  angles  the  same  rule 
holds  good. 

91.  Reading  the  Limb,  (a)  No  matter  in  which  direction 
the  plate  carrying  the  indicator  revolves  there  are  always  two 
readings  for  an  angle:  one  is  the  value  of  the  angle  measured 
clockwise  from  the  backsight,  and  the  other  is  the  value  measured 
counter-clockwise  from  the  same  backsight.  Each  value  is  the 
explement  of  the  other,  i.e.,  their  sum  is  360°.     See  p.  04. 

If  angles  were  always  measured  to  the  right  (clockwise),  the 
numbers  of  the  graduations  on  the  limb  would  always  increase 
clockwise,  and  a  common  source  of  mistakes  would  be  removed. 
In  some  kinds  of  work,  however,  as  in  deflection  angles,  p.  117, 
readings  are  taken  right  and  left  and  this  calls  for  numbers 
which  increase  counter-clockwise  as  well  as  clockwise.  These 
two  rows  of  numbers  must  not  be  used  indiscriminately — a 
constant  source  of  mistakes  with  beginners. 

(6)  Limb  readings  for  angles  to  the  right.  Consider  the  in- 
dicator to  have  moved  clockwise.  (It  is  immaterial  whether  it 
did  or  not.)  Observe  which  row  of  graduations  increases  doch' 
wise,  note  the  last  number  on  that  row  passed  by  the  indicator^ 
and  from  this  number  determine  the  value  of  the  graduatioiw 
mark  opposite  the  indicator  or  just  behind  it.     (See  p.  70.) 

(c)  Ldmb  readings  for  angles  to  the  left.  Proceed  in  a  similar 
manner,  but  consider  the  indicator  to  Yvave  luov^d  ^lOMx^ftT- 
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clockwise,  and  use  the  row  in  which  the  numbers  increase  coun- 
ter-clockwise.    (See  p.  70.) 

(d)  Remark.  For  angles  clockwise  numbers  increase  clockwise,  and  for 
angles  counter-clockwise  numbers  increase  counter-clockwise.  If  one  could 
stand  inside  the  graduated  circle,  numbers  for  angles  to  the  right  would 
increase  towards  his  right  hand,  and  for  angles  to  the  left  they  would  in- 
crease towards  his  left.  Since,  however,  the  observer  stands  outside  of  the 
circle,  the  numbers  for  angles  to  the  right  increase  towards  his  left  hand, 
and  vice  versa.  This  leads  to  confusion  which  would  be  avoided  if  the 
terms  clockwise  and  counter-clockwise  were  always  used  in  place  of  right 
and  left  respectively. 

92.  Common  Mistakes  in  Reading  the  Limb.  (1)  Reading 
the  number  ahead  of  the  indicator  instead  of  behind  it.  (2) 
Reading  the  inner  circle  of  numbers  instead  of  the  outer  circle, 
or  vice  versa.  (3)  Reading  even  degrees  instead  of  degrees 
and  fractions  of  a  degree,  as,  for  example,  43°  0'  instead  of 
43°  30',  or  11°  0'  instead  of  11°  20'. 

93.  Method  of  Reading  the  Limb  Illustrated.  On  the  suc- 
ceeding pages  are  shown  three  different  systems  of  number- 
ing the  graduations  on  the  limb.  The  full  circle  as  shown  is 
about  half  the  true  size.  Below  the  circle  is  a  portion  of  the 
limb  greatly  enlarged.  The  vernier  is  purposely  omitted,  but 
the  indicators  represent  four  different  positions  of  the  zero  of 
the  vernier.  The  readings  noted  below  the  arc  are  for  angles 
taken  to  the  right  as  indicated  by  the  arrow,  while  those  above 
the  arc  are  for  angles  to  the  left.  The  first  two  common  mis- 
takes noted  in  the  preceding  article  are  illustrated  by  the  in- 
correct readings  in  parenthesis.  The  third  mistake  will  be 
illustrated  in  the  explanation  of  vernier  readings  (pp.  76-82), 
since  it  is  most  often  made  when  adding  the  limb  reading  and 
the  vernier  reading  together. 

Suggestions.  In  studjdng  the  illustrations  keep  in  mind  the  fact  that  the 
limb  of  a  transit  remains  stationary  during  the  interval  between  the  back- 
sight and  foresight  while  the  indicator  moves  over  an  arc  equal  to  the  angle 
measured.  Understand  clearly  the  difference  between  measuring  an  angle 
to  the  right  (clockwise)  and  to  the  left  (counter-clockwise).  The  following 
method  of  studying  thb  illustrations  is  suggested: 

(1)  Choose  one  of  the  four  indicators,  assume,  the  angle  to  have  been 
measured  clockwise,  and  cover  with  a  card  the  readings  below  the  arc. 

(2)  Notice  which  circle  of  numbers  is  increasing  clockwise,  find  the  nimi- 
ber  just  behind  the  indicator,  count  up  the  intervening  spaces,  and  read 
the  angle. 

(3)  Remove  the  card  and  see  if  the  reading  agrees  with  that  given  on 
the  figure.  Observe  also  the  mistaken  reading  in  parenthesis,  and  con- 
sider from  what  cause  the  mistake  might  be  made. 

(4)  Repeat  the  three  steps  given  above  for  each  of  the  other  three  indi- 
cators;  also,  for  all  four  indicators  assuming  that  ang,lea  "v^x^  Tcvfe"as\«^«^ 
oounter-clockwise. 
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94.  Full-circle  System  from  O''  to  360''  in  Both  Directions. 

(a)  This  is  one  of  the  best  systems  of  numbers  for  all-around 
work.  Angles  may  be  measured  in  either  direction,  to  the  right  ■ 
or  to  the  left,  without  confusion,  provided  simple  precautions 
are  taken.  Thus  for  angles  to  the  right  always  read  the  outside 
row  if  that  is  the  row  in  which  numbers  increase  clockwiaey 
while  for  angles  to  the  left  read  the  inside  row.  TT/icn,  as  is 
often  the  case,  all  angles  are  taken  to  the  right,  ignore  the  inside 
row:  make  it  a  point  not  to  use  it  at  all.  In  some  makes  of 
instruments  the  numbers  slant  in  the  direction  in  which  they 
should  be  read.     (See  full  circle,  opposite  page.) 

(6)  The  j>ortion  of  the  limb  shown  enlarged  is  where  the  two 
circles  have  the  number  180°  in  common,  and  this  is  where  . 
the  mistake  of  reading  the  wrong  circle  of  numbers  is  most 
likely  to  occur.  Where  the  numbers  are  widely  different  it  is 
usually  sheer  carelessness  to  read  one  for  the  other.  If,  for 
example,  an  angle  of  100°  is  taken  to  the  right,  the  indicator 
will  stop  opposite  100°  and  260°,  but  an  alert  transitman  would 
see  that  the  angle  could  not  be  over  180°  (the  backsight  pro- 
duced), and  hence  would  not  read  260°  in  place  of  100°.  This 
illustrates,  incidentally,  the  value  of  habitually  checking  readings 
by  estimating  angles  with  the  eye. 

(c)  When  the  indicator  stops  just  before  it  reaches  a  number 
it  is  a  natural  mistake  to  read  as  if  it  had  gone  by  the  number. 
This  mistake  is  illustrated  by  the  two  incorrect  readings  of 
171°  30'  and  195°  30'  for  angles  to  the  right,  and  by  all  of  the 
incorrect  readings  to  the  left  except  171°  30'  in  place  of  191® 
30'.     (What  mistake  does  this  illustrate?) 

{d)  Notice  that  the  sum  of  the  outer  number  and  the  inner 
number  at  any  point  is  always  360°.  Hence  when  there  is 
only  one  circle  of  numbers  (0°  to  360°  clockwise)  and  it  is 
desired  to  read  an  angle  to  the  left,  consider  the  indicator  to 
have  moved  to  the  left  (cownier-clockwise),  but  subtract  the 
nearest  number  behind  the  indicator  from  360°,  and  proceed 
as  if  the  number  were  actually  engraved  upon  the  limb,  as  in 
fact  it  is  when  there  are  two  circles.  As  the  subtraction  in- 
volves only  even  degrees,  this  method  is  better  than  to  read  to 
the  right  and  subtract  from  360°,  for  the  latter  subtraction 
involves  minutes  as  well  as  degrees.  Mountain  transits  and  other 
transits  intended  for  measuring  angles  to  the  right  only  and  hence 
having  but  one  circle  of  numbers,  may  be  used  for  measuring 
angles  to  the  left  by  simply  imagining  the  explemetvtar^  wxsckv- 
ber  engr&ved  on  the  limb  as  just  suggested,     ^ee  kt\..^^  VA^ 
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95.  Combination  of  Full-circle  and  Half-circie  Systems* 

(a)  In  the  figure  on  the  opposite  page  the  outside  circle  of 
numbers  is  a  full-circle  system,  increasing  clockwise  exactly 
like  the  outside  circle  in  the  preceding  illustration.  No  fur- 
ther explanation  of  its  use,  therefore,  is  needed. 

The  inner  circle  is  a  half-circle  system  and  is  used  for  measur- 
ing angles  which  do  not  exceed  180°,  as,  for  example,  deflection 
angles  (p.  117).  Thus,  if  the  indicator  is  at  F  in  the  inner 
circle,  the  deflection  angle  is  60°  to  the  right,  but  if  it  is  at  H, 
the  deflection  angle  is  80°  to  the  left. 

(6)  The  portion  of  the  limb  shown  enlarged  is  near  the  230° 
mark  of  the  outer  circle,  but  the  outer  numbers  have  pur- 
posely been  omitted.  The  angles  to  the  left  are  read  in  the 
usual  manner.  The  mistaken  readings  for  angles  to  the  left 
all  come  from  reading  the  number  in  front  of  the  indicator 
instead  of  the  number  behind  it.  There  is,  of  course,  the  same 
danger  of  reading  the  wrong  row  of  numbers  as  in  the  pre- 
ceding illustration. 

(c)  Notice  that  the  sum  of  the  corresponding  numbers  in  the 
outer  and  inner  rows  is  always  360°  after  passing  the  180°  mark 
of  the  outer  circle.  On  some  instruments,  intended  only  for 
measuring  deflection  angles,  the  full-circle  system  is  omitted. 
Suppose  that  it  is  desired  to  measure  angles  to  the  right  over 
180°  on  such  an  instrument.  After  the  indicator  passes  180° 
the  numbers  run  backward  or  in  the  wrong  direction  for  angles 
to  the  right.  Subtract  the  number  behind  the  indicator  from 
360°,  and  proceed  as  if  the  result  were  engraved  on  the  limb 
as  explained  in  the  preceding  article. 

(d)  lUustrcUion.  Oh  the  enlarged  arc  it  is  observed  that  the  numbers 
are  increasing  in  the  wrong  direction  for  angles  to  the  right.  If  the  indi- 
cator is  between  1^°  and  130°,  the  number  behind  it,  for  angles  to  the 
right,  is  130°.  Hence  360-130  =  230°,  and  proceeding  as  if  230°  were  en- 
graved opposite  130,  as  it  really  is  when  there  are  two  rows  of  numbers  (nee 
complete  circle),  the  final  reading  is  237°  30' -f-.  Likewise,  if  the  indicator 
is  between  140°  and  150°,  the  nimiber  behind  it  (outside  the  limits  of  the 
drawing)  is  150,  and  hence  360  — 150  =210°,  from  which  8°  more  is  counted 
clockwise,  making  the  final  reading  218°  4-.  The  other  readings,  224°  + 
and  240°  30%  are  obtained  in  a  siifiilar  manner. 

(e)  Remark.  In  taking  deflection  angles  it  is  desirable  to  keep  the  zero 
of  the  limb  nearly  under  the  eyepiece  of  the  telescope  to  save  walking 
aroimd  the  instnmient  when  reading  angles.  If  the  half-circle  system  is 
used,  it  will  be  necessary,  after  setting  the  indicator  at  zero,  to  plunge  the 
telegcope  before  backeighting.  In  order  to  avoid  this  the  quadrant  system 
of  numbering  is  often  preferable,  especially  in  railway  work,  where  deflec- 
tion angles  are  seldom  more  than  90^.  This  system  ia  illustrated  on  tha 
next  page. 
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96.  Combination  of  Full-circle  and  Quadrant  Systems. 

(a)  There  are  two  zero  points  in  the  quadrant  system  (see  inner 
circle),  and  there  should  be  two  verniers  to  correspond,  the  A 
vernier,  nearly  under  the  eye-end  of  the  telescope,  and  the  B 
vernier,  across  the  circle  180°  from  A.  Observe  the  following 
rules:  1.  Always  set  the  A  vernier  at  the  360°  mark  or  zero  of  the 
full-circle  system;  (2)  For  all  angles  except  deflection  angles  ignore 
the  quadrant  numbering  and  invariably  v^e  the  full  circle  exactly 
as  explained  on  p.  71;  (3)  For  deflection  angles  use  the  inner 
row  just  as  it  stands  for  angles,  right  or  left,  up  to  90°.  For  angles 
over  90°  subtract  the  number  on  the  inner  row  from  180°,  and 
proceed  as  if  the  result  were  engraved  on  the  limb  in  place 
of  the  number  subtracted.     (See  similar  case,  preceding  article.) 

(6)  Caution,  A  common  mistake  is  to  set  the  A  vernier  at  one  of  the 
zeroes  of  the  quadrant  system  but  opposite  the  180°  mark  of  the  full  circle, 
and  then  to  read  from  the  full  circle  as  if  the  A  vernier  had  been  set  at 
the  360°  mark.  This  mistake  of  180°  maybe  avoided  by  invariably  using 
the  full  circle  in  setting  the  A  vernier,  even  in  deflection  angles. 

(c)  Deflection  angles.  When  using  the  quadrant  system  it 
is  not  necessary  to  plunge  the  telescope  before  backsighting. 
This  is  its  chief  advantage  over  the  half-circle  system.  In  set- 
ting the  A  vernier  at  360°  the  B  vernier  is  necessarily  brought 
opposite  one  of  the  zeroes  of  the  quadrant  system,  and  after 
the  telescope  is  plunged  for  foresighting  the  B  vernier  will  be 
the  one  under  the  eyepiece.  Hence  the  angle  is  read  from 
the  B  vernier  to  save  walking  around  the  instrument. 

(d)  Illustration,  If  the  indicator  of  the  A  vernier  is  set  at  A  (see  oppo- 
site pacpe),  the  B  vernier  will  be  at  B.  After  plunging  for  the  foresight  the 
B  vernier  will  be  under  the  eye-end  of  the  telescope,  and  if  it  goes  to  Bi, 
the  deflection  angle  is  between  60°  and  70°  to  the  right;  if  it  goes  to  B2, 
the  deflection  angle  is  between  40°  and  50°  to  the  left.  The  same  results 
could  be  obtained  by  reading  the  A  vernier  in  the  positions  Ai  and  A^ 
respectively,  but  it  would  be  necessary  to  walk  around  the  instnmient. 

The  portion  of  the  limb  shown  enlarged  is  one  of  the  two 
places  where  mistakes  are  most  likely  to  occur;  the  other  place 
is  across  the  circle  near  the  270°  mark.  Notice  that  the  smallest 
division  on  the  limb  is  20' — a  division  which  may  be  used  as 
well  with  any  of  the  other  systems  of  numbers.  It  is  perhaps 
more  usual  to  use  a  half-degree  division  with  the  quadrant 
system,  but  the  one-third  degree  division  is  shown  here  for 
practice  in  reading.  The  readings  given  below  the  arc  are  for 
direct  angles  taken  clockwise,  and  were  obtained  from  the  outer 
row  of  numbers;  readings  above  the  arc  at^  ioi  d^'^<ei^VvycL\^.\\'^<^ 
and  were  obtained  from  the  inner  rov/. 
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97.  Verniers,  (a)  It  is  easier  to  read  a  vernier  correctlyi 
once  the  least  count  has  been  ascertained,  than  it  is  to  read 
the  limb,  and  mistakes  are  less  costly  (p.  68).  Generally  if  a 
vernier  is  divided  into  ten  equal  spaces  between  numbers  as 
shown  on  p.  78,  it  reads  to  minutes,  i.e.,  each  space  is  called 
a  minute  though  it  really  covers  nearly  a  degree.  If  the  equal 
spaces  are  again  subdivided  into  two  parts,  each  part  is  caUed 
30"  (p.  80);  if  subdivided  into  three  parts,  each  of  the  smallest 
parts  is  called  20"  (p.  81);  if  into  six  parts,  each  part  is  ccUUd 
10"  (p.  82). 

(6)  Remark.  It  helps,  in  reading  the  vernier,  to  think  of  the  larger 
dlvisionA  as  minutes,  and  the  Bmaller  subdi\'i£iions,  if  there  are  any,  as 
30"  or  20"  or  10",  as  the  case  may  \)e.  It  is  well  to  remember,  however, 
that  each  space  on  the  vernier  really  covers  a  much  greater  are  than  is 
indicated  by  what  we  call  it. 

(c)  The  least  count  as  determined  by  inspection  should  be 
verified  when  using  any  vernier  for  the  first  time.  From  the 
principle  of  the  vernier  the  least  count,  i.e.,  the  difiference  be- 
tween I,  the  smallest  division  on  the  limb,  and  v,  the  smallest 

division  on  the  vernier,  is  x=l—v= 7,  where  n  represents 

n+l  '^ 

the  number  of  spaces  on  the  limb  corresponding  to  n  + 1  spaces 
on  the  vernier,  or  nl=  {n  +  l)v,  from  which  equation  the  value 
of  X  is  derived.  For  verniers  as  usually  constructed  the  follow- 
ing rule  will  also  apply: 

Divide  the  value  of  the  smallest  division  on  the  limh  by  the 
number  of  parts  on  the  vernier. 

98.  To  Read  a  Vernier.  Keeping  in  mind  the  value  of  the 
smallest  division  on  the  vernier  it  is  an  easy  matter  to  get  the 
vernier  reading.  If  the  zero  .or  indicator  exactly  coincides 
with  a  mark  on  the  limb,  the  angle  is  read  without  using  the 
vernier  (p.  67);  otherwise  find  some  mark  on  the  vernier  which 
is  exactly  opposite  some  mark  on  the  limb.  It  is  immaterial 
what  the  mark  on  the  limb  is, — the  mark  on  the  vernier  de- 
termines the  vernier  reading.  The  limb  reading  to  which  the 
vernier  reading  must  be  added  is  determined  separately,  as 
explained  in  the  first  part  of  the  chapter. 

99.  Suggestions  for  Reading  Verniers.  (1)  Double  ver* 
niers  like  those  shown  on  succeeding  pages  would  be  unnecessaiy 
if  angles  were  always  taken  clockwise.  Always  read  that  side  of 
a  double  vernier  which  is  ahead  of  the  zero  or  indicator ^  the  direc- 

tlon  in  which  the  latter  moved  having  beeiv.  aiBswme^  m  Tc»jdcms|^ 
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the  limb  (p.  68).  (2)  When  reading  the  limb  estimate  at  a 
glance  the  approximate  vernier  reading.  This  not  only  saves 
time  by  indicating  where  to  look  on  the  vernier  for  the  line  of 
coincidence,  but  it  often  saves  blunders  such  as  reading  the 
wrong  side  of  a  double  vernier.  (3)  Form  the  habit  of  looking 
at  one  or  two  marks  each  side  of  the  vernier  mark  which  you 
think  is  in  coincidence.  If  three  marks  coincide,  take  the  mid- 
dle one;  if  two  marks  coincide,  take  the  average  reading.  In 
the  latter  case  the  reading  will  be  closer  than  the  least  count 
of  the  vernier.  For  example,  the  reading  will  be  to  30"  on  a 
vernier  which  only  reads  to  minutes.  (See  p.  78.)  This  means 
t'lat  the  error  involved  in  reading  any  vernier  is  not  greater  than  half 
the  least  count  of  that  vernier,  (4)  In  setting  the  vernier  at  zero 
or  at  any  angle,  examine  in  the  same  way  one  or  two  marks 
each  side  of  the  indicator.  (5)  When  there  are  two  verniers 
180°  apart  use  the  one  under  the  eye-end  of  the  telescope.  Avoid 
setting  one  at  zero  and  reading  the  other,  except  in  special  cases 
like  that  explained  on  p.  75.  (6)  Use  a  reading-glass  (p.  98). 
(7)  Practical  suggestions  for  measuring  angles  are  given  in  Chap- 
ter IX. 

100.  Common  Mistakes  in  Reading  Verniers.  (1)  Mis- 
takes due  to  reading  the  wrong  half  of  a  double  vernier.  (2) 
Arithmetical  mistakes  in  adding  the  vernier  reading  to  the 
limb  reading,  or,  what  is  still  more  common,  dropping  the 
minutes  from  the  original  limb  reading,  as  68°  16'  instead  of 
68°  46'  (p.  78).  Do  not  be  so  intent  on  reading  the  vernier  as 
to  lose  track  of  the  correct  limb  reading.  Remember  that  the 
latter  is  by  far  the  more  important.  (3)  In  verniers  reading  to 
seconds  the  mistake  is  sometimes  made  of  calling  seconds  min- 
utes, as  151°  40'  instead  of  151°  0'  40"  (p.  81).  This  is  most 
likely  to  happen  when  the  vernier  reading  is  less  than  a  minute. 

101.  Illustrations  of  Verniers.  In  studying  the  following 
illustrations  of  different  verniers  keep  in  mind:  (1)  That  fhe 
vernier  and  limb  are  enlarged  to  a  little  more  than  twice  the 
usual  size;  (2)  The  lowest  line  of  each  illustration  shows  how 
the  least  count  is  obtained  from  the  formula  on  p.  76,  Art.  97  (c); 
(3)  The  whole  process  of  reading  the  angle  is  indicated:  first 
the  limb  reading,  then  the  plus  sign,  then  the  vernier  reading, 
and  finally  the  total  reading.  The  mistaken  readings  in 
parentheses  are  wholly  mistakes  in  vernier  read\i\^s>  ox  m  ^\qv~ 
pmj  minutes  from  the  original  limb  readings. 
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Fig.  102. 

102.  I.  and  II.  Verniers  Reading  to  Minutes,  (a)  This  is 
one  of  the  forms  of  verniers  most  used  in  ordinary  work.  The 
mistake  of  291°  16'  instead  of  291°  14'  came  from  reading  the 
wrong  half  of  the  double  vernier.  In  the  mistake  of  68°  16'  in- 
stead of  68°  46'  the  30'  of  the  original  limb  reading  was  forgotten 

.  when  it  came  to  adding  the  readings.  The  mistake  of  177** 
19'  30"  instead  of  177°  49'  30"  came  in  a  similar  manner  from 
dropping  the  minutes  from  the  original  limb  reading. 

(6)  In  II  two  marks  on  the  vernier  apparently  coincide  with 
two  on  the  limb,  and  hence  the  mean  of  the  two  readings  is 
correct.  This  illustrates  how  30"  may  appear  in  a  reading 
though  the  smallest  space  on  the  vernier  is  called  a  minute. 
In  a  great  deal  of  work  it  is  not  worth  while  to  take  accoimt 

o/j^conda iu  a  case  like  this, — shnply  rcadlo  eVWiex  vAioV^mvaxyXfc, 
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Fio.  103. 

103.  II.  and  IV.    Verniers  Reading  to  Minutes,     (a)  The 

chief  advantage  of  the  form  of  vernier  in  III  as  compared 
with  that  in  the  preceding  illustration  is  that  it  is  shorter,  and 
may  therefore'  be  used  in  a  small  space,  as,  for  example,  when 
set  between  the  standards  to  go  with  the  vertical  circle. 

(6)  In  Illustration  IV  the  vernier  is  constructed  like  that  on 
p.  80  except  that  every  alternate  mark  on  the  vernier  is  omitted. 
Each  division  on  the  vernier  is  called  one  minute,  but  it  is  really 
SO'  long  or  1'  short  of  two  spaces  on  the  Hmb.  The  advantage 
of  this  construction  is  that  the  division-marks  on  the  vernier 
itself  are  farther  apart  than  those  in  I,  II,  and  III,  and  hence  are 
easier  to  read.  Though  this  is  an  excellent  form  of  vernier  it  is 
not  as  common  a  one  as  that  on  p.  78. 

The  mistaken  readings  in  both  III  and  IV  ate  dw^  X-o  ^to^^vwjj^ 
the  minutes  from  the  original  limb  reading. 
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Fig.  104. 

104.  V.  and  VI.     Verniers  Reading  to  30  Seconds.     The 

limb  is  graduated  exactly  like  the  limb  in  III  and  IV,  but  the 
vernier  is  more  finely  graduated^  each  of  the  small  divisions 
being  called  30". 

Both  of  the  mistakes  in  V  are  due  to  dropping  20'  from  the 
original  limb  reading.  Notice  also  in  the  reading  210°  12^  20" 
the  mistake  of  calling  the  smallest  division  on  the  vernier  20" 
instead  of  30''.  This  is  a  natural  mistake>  since  the  smallest 
division  on  the  hmb  is  20'.  The  mistake  of  249°  39'  30"  was 
also  due  to  dropping  20'  because  of  the  impression  that  the 
limb  reading  was  249°  20'  instead  of  249°  40'. 

The  mistake  of  110°  30'  instead  of  110°  0'  30"  came  from 
adding  the  vernier  reading  as  if  it  were  30'  instead  of  30". 

The  fact  that  30"  and  20',  the  i-inallest  divisions  on  the  vernier  and  the 
Hmb  respectively,  are  unequal  mmericaUy  leads  to cotd.\i&\Dwaa\nj^c6,\i(A. 
dtbove,  and  makes  this  form  much  lees  d^rabVe  tViau  \Yiat.  QKvp.^V. 
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Fio.  105. 

105.  VII.  and  VIII.     Verniers  Reading  to  20  Seconds. 

This  form  of  vernier,  in  which  the  smallest  space  is  called  20",  is 
used  for  city  work,  simple  triangulation,  and  other  work  of  high 
accuracy. 

The  mistake  of  229°  53'  instead  of  229°  52'  20"  came  from 
observing  the  12'  mark  on  the  vernier  and  then  counting  the 
next  space  as  if  it  were  a  whole  minute  instead  of  20",  thus 
getting  13'  to  add  to  the  limb  reading  instead  of  12'  20". 

The  mistake  of  151°  40'  instead  of  151°  0'  40"  came  from 
calling  the  vernier  reading  40'  instead  of  40".  This  would 
probably  not  have  occurred  had  the  vernier  reading  been  a  full 
minute  or  more. 

Question,    Keeping  the  graduations  on  the  Wioh  Wvei  b»«jkv^  ,\vaN« 
could  the  vernier  be  changed  so  that  its  least  co\iTi.t^Q\3\.^\i^  \Qk"*l 
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106.  IX.  and  X.  Verniers  Reading  to  10  Seconds.  This 
form  of  vernier,  in  which  the  smallest  space  is  called  10",  is 
for  extremely  accurate  work,  and  is  seldom  found  except  on 
sextants  and  on  high-grade  instruments.  On  a  vernier  like 
this,  several  marks  may  appear  to  coincide  with  marks  on  the 
limb.     Take  the  middle  one. 

The  mistake  of  135°  5'  10"  instead  of  135°  15'  10"  came  from 
dropping  the  10'  from  the  original  Umb  reading. 

The  mistake  of  139°  40'  instead  of  139°  0'  40"  came  from 
caUing  the  vernier  reading  40'  instead  of  40" — a  mistake  most 
likely  to  occur  when  the  vernier  reading  is  less  than  one  minute. 

Question.  What  is  the  maximum  error  involved  in  a  reading 
when  a  vernier  like  that  in  IX  and  X  is  used,  assuming  that  no 
actual  mistake  is  made?     (See  p.  77.^ 
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107.  Special  Forms  of  Verniers.  Special  forms  of  verniers 
may  be  devised  at  will,  as,  for  example,  verniers  reading  to  a 
decimal  of  a  degree  (convenient  for  railway  curves). 

(a)  A  vernier  sometimes  used  on  the  sextant  has  60  spaces 
corresponding  to  119  on  the  graduated  arc.  This  makes  each 
space  on  the  vernier  a  little  less  than  two  spaces  on  the  arc. 
It  is  used  as  a  direct  vernier.  (If  the  smallest  division  on  the 
graduated  arc  is  20',  prove  that  the  vernier  reads  to  20".) 

(6)  Retrograde  verniers  are  seldom  used  on  transits.*  A 
special  form  of  retrograde  vernier  is  used  when  it  is  desired  to 
economize  space,  as,  for  example,  in  the  compass-box  for  setting 
off  the  declination. t  lliirty  spaces  on  the  vernier  correspond  to 
31  on  the  limb,  the  vernier  reading  to  minutes.  There  are 
two  rows  of  numerals  on  the  vernier  arranged  as  follows:    . 


20 

25 

30 

25 

20 

10 

5 

0 

5 

10 

15         10         5  0  5         10         15 

The  usual  rules  for  reading  do  not  hold  good.  Thus,  if  the 
indicator  is  to  the  right  of  the  zero,  read  the  lower  figures  on  the 
left-hsLud  vernier,  unless  the  reading  is  over  15',  and  then  the 
upper  figures  on  the  right-hand  vernier  are  used.  If  the  indica- 
tor is  to  the  left  of  the  zero,  read  lower  right-hand  figures  for  less 
than  15',  upper  left-hand  for  more  than  15'.  (See  from  the 
figure  that  this  must  be  so.)  Note  that  this  vernier  is  only 
half  as  long  as  the  ordinary  double  vernier,  and  that  the  lower 
left-hand  and  the  upper  right-hand  verniers  form  one  vernier 
and  vice  versa.-f 

108.  Summary.  For  a  summary  of  this  chapter  see  Arts. 
131,  132,  pp.  96-97. 


*  Verniers  in  which  the  smallest  space  is  larger  than  the  corresponding 
smallest  space  on  the  limb. 

t  A  similar  "folded"  vernier  is  often  used  for  setting  declinations  which 
is  direct  instead  of  retrograde,  30  spaces  on  the  vernier  corresponding  to 
29  half-degrees  on  the  limb. 


CHAPTER  IX 
USE  OF  THE  TRANSIT 

The  only  way  to  learn  to  use  the  transit  is  to  practice  with  it  in  Hm 
field,  but  many  suggestions  and  directions  may  be  given  which  will  help 
to  make  that  practice  intelligent  and  effective.  After  a  preliminary  reao- 
ing,  this  chapter  will  best  serve  its  purpose  if  the  different  articles  are 
consulted  at  the  time  that  correaponding  work  with  the  transit  is  being  dans 
in  the  field.  Study,  first,  methods  of  work,  and  then  consult  tlM  onapter 
frequently,  thus  gradually  acquiring  habits  of  work.  It  may  be  aaded 
that  directions  often  seem  trivial  to  the  beginner  which  are  neverthelen 
well  worth  following  when  learning  to  use  such  an  important  instrument 
as  the  transit. 

The  chapter  on  The  Transit,  Part  III,  shows  how  the  instrument  is  coo- 
structed,  and  explains  the  workings  of  its  most  important  parts.  Tbe  oare 
and  adjustment  of  the  transit  is  also  treated  in  Part  III. 


109.  Caution.  First  of  all,  treat  the  transit  kindly.  Re- 
member, many  of  the  parts  are  of  soft  metal.  Never  force  a 
screw — all  screws  should  work  easily;  if  they  do  not,  there  is 
some  trouble  which  brute  force  ^-ill  not  help.  The  diameter 
of  the  head  of  a  thumb-screw  often  gives  a  leverage  out  of  all 
proportion  to  the  strength  of  the  screw,  and  it  is  comparatively 
easy  to  strip  the  thread.  Beginners  too  often  feel  that  clamps 
should  be  set  as  tight  as  p>ossible,  with  the  result  that  each  time 
they  have  to  be  set  a  little  tighter  and  soon  become  useless. 
The  condition  of  the  clamps  on  comparatively  new  school  in- 
struments should  be  a  lasting  object  lesson.  If  the  object-glass 
slide  in  the  telescope  moves  hard,  probably  dust  or  grit  is  iii- 
side,  and  it  will  not  take  a  very  strong  man  either  to  destroy 
the  rack  and  pinion,  or  to  cut  deep  scratches  and  grooves  along 
the  surface  of  the  slide.  Rubbing  dust  from  the  object-glass 
with  the  handkerchief  may  get  the  dust  off,  but  it  often  leaves 
scratches  on.    Blow  it  off  or  brush  gently. 

Do  not  let  a  transit  stand  with  the  tripod  legs  so  close  together 
that  it  is  easily  upset;  on  the  other  hand,  if  the  legs  are  too  far 
apart  they  may  open  out  and  let  the  transit  down;    this  is 
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especially  likely  to  happen  on  a  smooth  floor.     Be  sure  that  the 
head  of  the  transit  is  firmly  screwed  on  its  tripod. 

Before  taking  the  transit  up  to  carry  it  from  one  place  to  an- 
other do  three  things:  (1)  Loosen  the  lower  clamp  so  that 
both  plates  will  turn  freely  if  accidentally  hit;  (2)  Point  the 
telescope  straight  up,  leaving  it  free  to  turn  on  its  supporting 
axis  at  the  shghtest  knock;  (3)  See  that  the  needle  is  lifted  so 
that  the  delicate  point  of  its  pivot  will  not  be  injured.  As  a 
further  precaution  do  not  carry  the  transit  on  the  shoulder 
when  going  through  a  doorway  or  through  any  other  place 
where  it  is  likely  to  get  bumped.     Carry  it  under  the  arm. 

1 10.  Plumb-bob.     Do  not  begin  the  day's  work  by  leaving 
the  plumb-bob  behind.     The  string  to  the  bob  is  looped  over  a 
hook  under  the  center  of  the  transit,  and  has  a  sliding  knot  by 
which  to  adjust  its  length.     The  figure  shows  the  shding  knot 
before  it  is  drawn  tight.     But  instead  of  putting 
the  end  of  the  string  through  the  loop  as  shown 
in  the  figure,  double  it  back  upon  itself  so  that 
the  knot  may  be  untied  at  any  time  by  simply 
pulling  the  free  end,  as  in  the  case  of  a  bow-knot. 
Avoid  any  other  knot  in  the  string,  even  one  at 
the  end. 

Another  device  is  to  fasten  one  end  of  the  string 
to  a  piece  of  wood  containing  two  holes,  while  the 
other  end  of  the  loop  passes  through  the  holes 
and  down  to  the  plumb-bob.  Friction  and  the 
crook  in  the  string  hold  the  device  in  any  position 
as  it  slides  up  or  down  the  plumb-line.  Bone  or  leather  may  be 
used  in  place  of  the  wood.*  If  the  wind  is  blowing,  shield  the 
bob  with  something  (a  hat  will  do)  to  keep  it  from  swinging. 

111.  Using  the  Telescope.  (See  also  the  chapter  in  Part  III 
on  The  Telescope).  Point  the  telescope  toward  the  sky  and 
move  the  eyepiece  in  or  out  until  the  cross-hairs  are  clearly 
visible.  On  some  instruments  the  eyepiece  is  moved  by  screw- 
ing or  twisting  it,  while  in  others  a  focusing-screw  with  rack 
and  pinion  is  used.  Once  the  eyepiece  is  adjusted  to  the  eye  of 
the  transitman;  it  is  not  necessary  to  disturb  it  again.  (See 
parallax,  Part  III.) 

2.  To  get  the  line  of  sight  on  an  object  quickly,  sight  along 
the  top  of  the  telescope  before  sighting  through  vt. 

*See  Eng.  News.,  Aug.  16, 1900,  or  Baker's  Survey\iiftltia^>.T\3icifcTA,^,^.'^'^' 
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3.  In  focusing,  remember  that  the  nearer  the  object  the  far- 
ther out  the  object-glass  must  be  run.     "Near-far  and  far-near." 

4.  Do  not  use  the  upper  or  lower  part  of  the  vertical  cross- 
hair for  sighting  when  its  intersection  with  the  horizontal  hair 
can  be  used  just  as  well.  The  vertical  hair  may  not  be  truly 
vertical. 

5.  In  sighting  on  a  pole,  sight  as  far  down  as  possible  (at  the 
very  bottom  if  that  can  be  seen),  for  the  pole  may  not  be  held 
exactly  plumb. 

6.  If  the  telescope  has  stadia- wires,  do  not  mistake  either  of 
them  for  the  regular  horizontal  hair. 

7.  Do  not  take  hold  of  the  telescope  itself  to  move  it  sidewise; 
form  the  habit  of  turning  it  by  taking  hold  of  the  plate  on 
w^hich  the  standards  rest. 

8.  If  the  telescope  is  used  in  the  dark,  the  cross-hairs  must 
be  illumined  by  reflecting  light  down  the  barrel  of  the  telescope. 
Mining  transits  are  furnished  with  a  device  for  this  purpos'^. 
(See  also  observation  on  Polaris.) 

112.  Transiting,  Plunging,  or  Reversing  the  Telescope. 
Synonymous  terms  for  turning  the  telescope  completely  over 
on  its  supporting  axis,  thus  bringing  it  upside  down,  and 
making  it  p>oint  in  exactly  the  opposite  direction  from  wha' 
it  did  before.  The  upper  and  lower  plate  clamps  are  set  so 
that  the  telescope  cannot  move  sideways  while  it  is  being 
reversed. 

113.  Setting  up  the  Transit.  The  transitman  aims  at  two 
things  in  setting  up  a  transit,  viz.:  (1)  He  must  center  it  over 
some  given  point;  (2)  He  must  "level  up,"  i.e.,  make  the 
graduated  plate  horizontal.  The  given  point  is  usually  a  stake 
driven  into  the  ground,  the  head  of  a  tack  or  nail  marking  the 
exact  point  on  the  stake.  The  tripod,  plumb-bob,  and  shift- 
ing-head are  used  to  "center''  the  transit,  the  thumb-screws 
and  plate-levels  to  "level  up."  The  process  may  be  outlined 
as  follows: 

1.  Set  the  tripod,  w4th  shoes  pressed  firmly  into  the  ground, 
in  such  a  position  that,  when  its  head  is  approximately  level 
(judged  by  the  eye),  the  plumb-bob  will  come  to  rest  nearly 
over  the  point  (tack).     (See  suggestion  5,  Art.  114.) 

2.  Loosen  two  adjacent  thumb-screws,  and,  using  the  shift- 
ing-head, bring  the  point  of  the  plumb-bob  over  the  required 

point  (center  of  tack-head).     Use  the  sUdin^  device  on  the 
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plumb-bob  string,  if  necessary,  so  that  the  point  of  the  bob 
5ist  clears  the  stake. 

3.  Tighten  the  two  thumb-screws  (previously  loosened  for 
shifting),  and  by  means  of  all  four  screws  level  up. 

4.  See  that  the  plumb-bob  still  hangs  over  the  center  of  the 
tack  when  the  plates  are  level.  If  in  ** leveling  up"  it  has  been 
disturbed,  bring  it  back  to  the  center  by  using  the  shifting- 
head  and  level  up  again. 

Speed  in  setting  up  a  transit  is  worth  a  sreat  deal,  for  a  slow  transitman 
can  delay  the  work  of  a  whole  party.  Moreover,  setting  up  over  a  rail- 
way track  "between  trains"  often  means  quick  work.  It  Is  true  that  the 
knack  of  setting  up  a  transit  comes  from  practice,  but  make  it  intelligent 
practice  from  tne  start.  Ck)n8ult  the  next  article  frequently  and  prac- 
tice until  the  methods  suggested  become  second  nature. 

1 14.  Suggestions  for  Setting  Up  a  Transit. 

(1)  The  clamps  in  the  upper  part  of  the  tripod  should  be  ad- 
justed so  that  they  are  just  tight  enough  for  friction  to  hold 
the  legs  in  any  position. 

(2)  Spread  the  tripod  legs  just  far  enough  to  bring  the  tele- 
scope at  a  convenient  height:  it  saves  stretching  up  or  stoop- 
ing down. 

(3)  Manipulate  the  tripod  so  that  its  head  is  approximately 
level  to  begin  with.  The  less  the  thumb-screws  are  used  the 
better:  saves  wear,  saves  time.  On  level  ground  set  the  shoes 
about  equal  distances  from  the  tack.  On  a  6lop>e  place  ttvo  legs 
on  the  down-hill  side. 

(4)  If  the  tripod  head  is  too  much  out  of  level,  the  thumb- 
screws in  "leveling  up"  will  bind;  do  not  force  them;  start  over 
again  by  moving  the  legs  of  the  tripod  so  as  to  make  the  head 
level. 

(5)  A  most  important  suggestion.  Set  up  the  transit  at  first 
within  a  foot  or  two  of  the  station  without  any  attempt  to  bring 
the  bob  over  the  tack,  the  main  object  being  to  get  the  plates 
approximately  level,  as  judged  by  the  eye,  and  the  telescope  at 
a  convenient  height,  with  the  tripod  shoes  merely  resting  on  the 
ground.  This  having  been  accomplished  in  two  or  three  quick 
movements,  lift  all  three  shoes  off  the  ground  and  move  the 
transit  bodily  until  the  bob  is  over  the  tack,  push  the  legs  into 
the  ground  and  proceed  to  use  the  shifting-head  and  leveling- 
screws  as  already  explained. 

Remark,     It  seems  difficult  to  convince  students  that  the  preliminary 
setting  up  to  one  side  of  the  station  is  not  a  waste  of  time.     It  done  cor- 
rectly, however,  it  takes  but  a  few  seconds,  and  a  Cavr  Xt\bA  V\J3L9.Vtfyw  xJcv^y. 
it  actually  aavea  time,  especiallv  on  a  aide  hiU.     As  tVve  \,Ta.wa\\.  \a  \.'a>BAw 
i^tbe  shoulder,  Bet  it  down  with  one  leg  up  hiW,  taVLe  iVve  cA\v<&t  Vwo  w&, 
one  in  either  hand,  and  bring  it  to  position,  then  mov©  xt  \io^^v  on^^  vc^ft 
ftation. 
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(6)  Three  important  suggestions  for  manipulating  the  tripod. 
When  the  bob  is  within  a  few  inches  of  the  tack,  but  too  fa^ 
away  to  be  brought  over  it  with  the  shifting-head,  the  legs  of  the 
tripod  must  be  moved  slightly.  Keep  in  mind  these  three  sug- 
gestions: 

(a)  If  the  plumb-bob  is  off  the  tack,  but  the  plates  are  neariy 
level,  move  a  tripod  leg  on  its  own  pivot  towards  or  away  from 
the  tack.  (Changes  the  position  of  the  bob,  but  does  not 
throw  the  plates  greatly  out  of  level.  This  is  the  condition 
most  often  met  with.) 

(6)  If  the  bob  is  over  the  tack,  but  the  plates  are  out  of  level, 
swing  a  tripod  leg  right  or  left  without  moving  it  on  its  own 
pivot.  (Tends  to  level  the  plates  without  changing  the  position 
of  the  bob.) 

(c)  If  the  bob  is  only  a  little  off  the  tack,  first  get  it  "on 

.  -  line"  with  one  leg  and  the  tack,  and  then 

'  °.  bring  it  over  the  tack  by  moving  that  leg 

%  •Tack  ■  thus:    If  bob  is  at  a,  Fig.  114  (r),  bring  it  to 

of-^      •c      ^  «       h,  or  to  c  by  moving  legs  d  and  6,  and  then 

bring  it  over  the  tack  by  moving  leg  /,  or 
by  moving  both  legs  d  and  e. 

(7)  The  tripod  must  stand  firmly.  On  soft  ground  push  the 
legs  well  in,  but  not  as  if  they  were  to  stay  for  all  time.  Push- 
ing against  a  leg  crosswise  is  a  waste  of  strength  and  may  break 
it  by  bending;  push  lengthwise.  On  hard,  smooth  surfaces, 
such  as  floors  and  pavements,  put  the  shoe-points,  if  possible, 
in  cracks  or  small  holes,  to  prevent  slipping. 

(8)  Avoid  setting  a  tripod  leg  "on  line''  where  it  might  in- 
terfere with  stretching  the  tape  in  chaining  between  stations. 

(9)  If  the  wind  is  blowing,  kneel  on  the  windward  side  of  the 
plumb-bob  and  shield  it  with  the  body  or  with  a  hat. 

Suggestions  for  using  the  thumb-screws  in  leveling  up. 

(10)  Two  diagonally  opposite  screws  are  worked  at  the  same 
time,  first  one  pair,  then  the  other,  alternating  until  the  plates 
are  level.  The  thumbs  always  move  toward  or  away  from  each 
other.  The  knowledge  of  which  way  to  turn  the  screws  should 
soon  become  instinctive.  It  may  be  helpful,  however,  to  re- 
member that  the  bubble  will  move  in  the  direction  in  which  the 
left  thumb  is  turned. 

(11)  If  there  is  only  one  plate-level,  it  is  placed  parallel  to 
the  Brst  pair  of  thumb-screws  used,  and  iVxen  pa.TB\\^\  \,o  xXia 
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other  pair.  If  there  are  two  plate-levels,  each  is  placed  parallel 
to  a  pair  of  diagonally  opposite  screws. 

(12)  Keep  all  four  thumb-screws  bearing  evenly  and  firmly. 
If  one  of  a  pair  is  turned  faster  than  the  other,  it  will  either 
bind  or  be  raised  off  the  bearing  plate;  stop  turning  this 
screw  until  the  other  catches  up.  If  all  are  turning  hard,  the 
tripod  head  is  too  much  out  of  level,  or  one  pair  has  been 
forced,  or  possibly  the  screw-threads  need  cleaning.  Consult 
an  instructor. 

Remark.  The  leveling-screws  should  turn  so  easily  that  they  may  be 
rolled  between  the  palms  of  the  hands.  This  is  quicker  than  turning  thefn 
with  the  fingers. 

(13)  After  leveling  up,  take  hold  of  the  graduated  plate  and 
see  if  it  is  firm;  if  it  rocks,  one  or  more  of  the  thumb-screws 
is  not  bearing  properly. 

(14)  In  setting  up  to  prolong  a  straight  line,  it  is  well  to  have 
one  pair  of  diagonally  opposite  thumb-screws  in  the  line,  the 
other  pair  at  right  angles  to  it. 

(15)  In  precise  work,  especially  where  the  transit  is  to  be  used  for 
leveling,  it  is  better  to  be  guided  by  the  level  attached  to  the  telescope, 
as  this  is  more  sensitive  than  the  plate-levels.  The  latter  may  be  used 
until  the  plates  are  approximately  level.  The  telescope  is  then  clamped 
in  a  horizontal  position,  and  brought  first  over  one  pair  of  leveling-screws 
and  then  over  the  other,  just  as  in  setting  up  a  level.  It  must  be  carefullv 
noted,  however,  that  in  the  case  of  the  transit  the  bubble  is  brought  half- 
way back  to  the  center  of  its  tube  with  the  leveling-screws,  and  the  rest 
of  the  way  by  moving  the  telescope  up  or  down  with  the  slow-motion 
screw  which  controls  the  revolution  of  the  supporting  axis. 

115.  Accuracy  Required  in  Setting  Up  a  Transit.     It  is 

not  always  necessary  to  have  the  bob  exactly  over  the*  tack 
or  the  plates  exactly  level.  Like  all  surveying  operations, 
''setting  up"  demands  care  in  proportion  to  the  results  re- 
quired. 

If  angles  are  being  read  to  the  nearest  minute,  and  points 
sighted  at  are  from  50  to  100  feet  away,  the  point  of  the  bob 
can  be  from  }  to  J  in.  from  the  center  of  the  tack  without 
seriously  affecting  results.  (See  the  next  chapter.)  An  ex- 
perienced transitman,  however,  should  be  able  to  bring  the 
bob  to  within  less  than  a  quarter  of  an  inch  of  the  point  without 
special  effort  or  waste  of  time. 

In  leveling  up,  the  following  points  should  he  remembered: 
1.  In  measuring  the  horizontal  angle  between  two  points 
about  on  the  same  level,  the  plates  need  be  only  approximatebj" 
level.     (They  can  often  he  leveled  by  the  eye  aXoxve.^ 


90  USE  OF  THE  TRANSIT 

2.  In  measuring  the  horizontal  angle  between  a  high  and  a 
low  point,  more  care  should  be  taken  in  leveling  up— especially 
should  the  bubble  be  in  the  center  of  that  tube  which  is  at 
right  angles  to  the  telescope. 

3.  In  measuring  the  vertical  angle  between  points  in  the 
same  vertical  plane,  it  is  only  that  plate-level  parallel  to  the 
telescope  which  requires  special  attention. 

The  student  will  be  well  paid  if  he  will  experiment  for  him- 
self along  the  lines  suggested  by  this  article. 

Errors  caused  by  poor  setting  up  are:    (1)  From  not  getting, 
the  center  over  the  tack;  (2)  From  not  getting  the  plates  leveL 
Errors  from  these  sources  are  as  a  rule  comparatively  small. 

116.  Backsight — Foresight.  A  transit  stands  at  B,  It  is 
desired  to  measure  the  angles  ABC  and  ABD,  and  to  produce 

^      the  line  AB  to  E.    In  measuring  either 

<        angle  or  in  producing  the  line,  if  the  point 
-£     A  18  the  first  point  sighted  at,  then  AB 
is  called  the  backsight,  while  the  sights 
on  C,  E.  and  D  are  called  foresights.     An 
i?iG.  iio.  indefinite  number  of  sights  to  other  points 

(all  foresights)  could  be  taken,  the  angles  to  which  could  all  he 
measured  from  AB  as  a  backsight.  A  backsight  is  a  point  of 
reference  (or  more  strictly  a  line  of  reference  from  the  transit 
to  some  other  point);  from  it  angles  are  measured  to  lines  (fore- 
sights) to  other  points.  If  the  angle  is  180°,  the  line  of  back- 
sight is  simply  produced.  A  backsight  is  usually  the  first 
sight  taken  after  the  transit  is  set  up,  and  ordinarily  only  one 
backsight  is  used  no  matter  how  many  foresights  may  be  needed. 

Note.  The  terms  backsight  and  foresight  are  unfortunate  in  that  they 
imply  direction:  they  have  nothing  to  do  with  direction.  Thus,  if  only 
the  angle  ABC  were  to  be  measured,  one  might  sight  on  C  first,  in  which 
case  CB  would  be  the  backsight. 

(1)  In  this  hook  when  three  lettera  or  numbers  are  used  to  denote  an  angie 
the  MIDDLE  letter  or  number  represents  the  vertex  of  the  angle  (i  e.,  loAerv 
the  transit  stood  when  the  angle  was  measured).  Unless  otherwise  9taied  it 
may  be  assumed  also  tftat  the  first  letter  or  number  represents  the  backbiort 
and  the  third  letter  or  number  the  foresight. 

Illustration.  If  XFZ  =  40°,  Y  is  the  vertex,  X  the  backsight,  and  Z 
the  foresight. 

117.  Permanent  Backsight.  A  backsight  is  usually  taken 
on  a  pole  or  pencil  held  by  one  of  the  party.  It  is  often  desir- 
able to  establish  a  permanent  backsight  so  that  the  transitman 
can  sight  to  it  whenever  he  desires  without  keeping  a  man  there 
to  give  the  sight.  When  the  line  of  sight  is  set  on  the  back- 
82ght  Sot  the  £rst  time,  before  unclamping,  move  the  telescope 
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up  or  down.  Usually  the  line  of  sight  will  strike  some  object 
definite  and  prominent  enough  to  use  as  a  backsight  in  place 
of  the  other,  thus  allowing  the  flagman  to  be  called  in.  A 
crack  in  the  fence,  a  mark  on  a  tree,  some  definite  comer  of  a 
house,  or  something  similar,  can  be  used,  but  if  none  is  readily 
found,  it  often  pays  to  have  a  flagman  make  a  "permanent 
backsight"  by  sticking  in  a  flagpole  or  a  chain-pin,  or  by  making 
some  mark  that  can  be  easily  distinguished  through  the  tele- 
scope. 

118.  Permanent  Foresight.  When,  as  is  often  the  case, 
a  number  of  points  are  to  be  "lined  in"  with  some  point  ahead, 
it  is  an  excellent  plan  to  establish  a  permanent  foresight  as  far 
ahead  as  practicable,  so  that  if  the  line  of  sight  gets  off  the 
point  the  transitman  will  notice  it  and  bring  the  line  in  again. 

119.  Use  of  the  Upper  and  Lower  Clamp. 

The  lower  clam,p  and  corresponding  slow-motion  screw  are 
used  in  getting  a  backsight;  these  must  never  be  disturbed  while 
taking  a  foresight. 

The  upper  damp  and  tangent-screw  are  used  in  setting  the 
indicator  at  zero  and  in  getting  a  foresight. 

(a)  Note.  The  importance  of  keeping  the  above  in  mind  is  readily  seen. 
If,  after  taking  a  backsight,  the  transitman  wiU  keep  his  handa  off  the  lower 
part  of  the  traneit,  he  will  avoid  the  danger  of  dLsturbing  his  backlight. 
When  in  doubt,  turn  the  upper  screw — that  can  do  little  harm.  Disturb- 
ing the  backsight  may  mean  beginning  all  over  again.  Note  that  a  tangent- 
acrew  tvill  not  work  until  the  corresponding  damp  is  set.  Errors  often  arise 
from  thinking  clamps  are  set  when  they  are  not,  or  from  clamps  slipping. 
Clamps  should  not  be  forced,  but  they  must  be  set  tight  enough  to  nohl. 
After  setting  on  the  backsight,  it  is  well  to  try  turning  the  upper  plate 
genilVf  as  a  test  before  beginning  to  take  angles.  If  the  cross-hairs  move 
off  the  point  and  do  not  return,  the  clamp  must  be  tightened. 

120.  Lining  in,  or  Sighting  in  Line.  Be  sure  the  line  of 
sight  is  on  the  desired  point  and  all  clamps  set.  Look  along 
the  top  of  the  telescope  and  motion  the  flagman  approximately 
into  line,  then  look  through  the  telesoope  and,  sighting  at 
the  point  of  the  rod  if  possible,  signal  into  line.  (Make  the 
signal  correspond  to  the  distance  the  rod  must  be  moved:  a 
vigorous  motion  means  to  move  it  quite  a  distance,  a  slight 
motion  means  a  short  distance).  For  sights  three  hundred  feet 
or  less,  a  lead-pencil  is  often  used  instead  of  a  rod.  Do  not 
spht  hairs  in  lining  in  the  chainman.     (See  Art.  63,  p.  41.) 

In  setting  the  stake  for  a  transit  station,  first  line  the  stake 
in  and,  if  possible,  watch  it  as  it  is  being  driven;  make  the 
axeman  drive  it  8o  that  its  middle  is  about  oiv  Yvw^,  ^\A  \Xx^^ 
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set  the  tack  with  exactness,  using  a  pencil  to  sight  on  when 
possible. 

121.  Reversing  In  Azimuth  and  Altitude,  or  Double 
Reverse.     A  technical  term  for  the  following  process:  A  transit 

stands  at   T,     Clamp  the  upper  and 

^       j^ — "^^     lower  plates  together  at  the  start  and 

"^■^■^..^.^^^    do  not  unclamp  during  the  process. 
Fig   121.  ^^^^  means  that  no  angles  are  readf 

and  no  use  whatever  is  made  of  the 
vernier, — it  is  not  necessary  even  to  set  it  at  zero. 

(1)  Backsight  on  A.  (Using  the  lower  clamp  and  tangenft 
screw.) 

(2)  Plunge  the  telescope.  If  the  transit  is  in  adjustoient, 
the  line  of  sight  will  strike  some  point  in  the  line  AT  pro- 
duced, as,  for  example,  the  point  D;  if,  however,  it  is  out  of 
adjustment,  it  will  strike  some  other  point,  as  B. 

(.3)  Let  the  telescope  remain  bottom  side  up,  unclamp  tiw 
lower  screw,  turn  the  two  plates  together  until  the  telescope 
(still  bottom  side  up)  again  points  at  the  backsight  on  A, 
Clamp  the  lower  clamp  and  bring  the  cross-hairs  exactly  on  A 
with  lower  tangent-screw. 

(4)  Plunge  the  telescope.  (The  telescope  now  becomes  right 
side  up.)  If  the  transit  is  in  adjustment,  the  line  of  sight  will 
again  strike  the  point  D,  but  if  it  is  out  of  adjustment,  the  line 
of  sight  will  strike  a  point  C  which  is  as  far  on  one  side  of  TD 
as  B  is  on  the  other  side.  In  practice,  unless  the  instrument 
is  badly  out  of  adjustment,  the  points  B  and  C  are  usually 
within  an  inch  or  so  of  each  other,  and  the  true  point  D,  half- 
way between  B  and  C,  is  easily  established  by  measurement. 

\ote.  No  use  Is  made  of  the  graduations  on  the  lower  plate,  thus  elim- 
inating error  from  incorrect  graduation  or  frmn  not  netting  the  Termer  at 
3xactly  183°.  Notice  also  that  either  the  upper  or  the  lower  damp  can  be 
used,  provided  both  arc  tight  when  the  telescope  is  plunged.  It  is  better, 
however,  to  set  the  upper  clamp  once  for  all  before  taking  the  fint  bodbtt^Jht 
and  then  leave  it  alone.  If,  in  setting  up  the  transit,  hint  (14),  pafle  80,  is 
followed,  the  error  due  to  the  plate-level  being  out  of  adjustment  may  be 
eliminated  by  levehng  for  the  bubble  in  that  tube  at  right  andLee  to  the 
line,  '}\isit  before  each  backsight  is  taken.  Do  not  take  nold  of  the  tele- 
scope to  turn  it  around  horizontally. 

122.  Prolonging  a  Straight  Line.     (Four  methods.) 

1.  Set  up  at  one  end.  sight  at  the  other  end  and  line  in. 

2.  Set  up  at  one  end,  backsight  on  the  other  end  and,  plung- 
ing the  telescope,  line  in. 

3.  If  not  sure  that   the  transit  is  iiv  sid^vis^TivfcTLt,,  \Mft  the 
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i  of  double  reverse.     In  important  work  this  method 
be  used  as  a  precaution  whether  the  transit  is  in  ad* 
nt  or  not. 

alance  in  the  transit  on  any  point  in  the  line  produced 
rt.  124),  and  set  other  points  as  desired. 
Double  Centering.     A  term  sometimes  used  to  denote 
rd  method  in  the  preceding  article  of  finding  a  point  on 
Drolonged. 
Balancing  In.     Getting  the  transit  on  line  with  two 
when  the  point  at  which  the  transit  is  to  stand  has 
m  previously  established.    This  is  done  by  trial.     When 
'  of  the  given  points  can  be  seen  from  the  other  and 
msit  stands  between  them,  the  work  is  more  difficult. 
3thod  pursued  is  given  on  p.  201. 

Measuring    Horizontal   Angles.     In  measuring   an 
ceep  in  mind  that  the  lower  part  of  the  in- 
nt  is  a  protractor,  and  the  upper  part  merely 
:er  with  the  zero  mark  of  the  vernier  for  an     c* 
or.    The  outline  of  the  actual  work  done  in 
ing  an  angle,  as  ACB,  is: 
5et  up  at  C. 

^ith  upper  and  lower  clamps  loose,  revolve  both  plates 
le  zero  on  the  vernier  coincides  as  nearly  as  may  be  with 
o  on  the  limb.  Set  the  upper  clamp  and  with  the  cor- 
ling  tangent-screw  make  the  zeroes  exactly  coincide. 
5  called  setting  the  vernier  at  zero.)  Observe  the  marks 
ie  of  the  zero. 

Jacksight  at  A.  When  the  line  of  sight  is  nearly  on  A 
lower  clamp  and  make  it  exactly  strike  A  -with  the  cor- 
ling  tangent-screw  (lower). 

joosen  the  upper  clamp,  turn  the  upper  plate  until 
e  of  sight  is  nearly  on  B,  set  the  upper  clamp  and 
he  line  of  sight  exactly  strike  B  with  the  upper  tangent- 
lead  the  angle, 

r  the  wrong  clamp  or  tangent-screw  is  a  frequent  source 
r.  See  Art.  119  (a),  p.  91.  Notice  which  is  used  for 
eration,  viz.: 

ig  the  vernier  (2).  Upper  clamp  and  tangent-screw, 
sighting  on  A  (3).  Lower  clamp  and  tangent-screw, 
lighting  on  B  (4).     Upper  clamp  aivd  ta.tv%<feii\.-^ct«^ . 
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Fig.  12H. 


It  will  help  matters  to  remember  that  in  measuring  an^ 
the  only  use  made  of  the  lower  clamp  and  lower  tangent-screw 
is  in  backsightingf  and  that  the  upper  clamp  and  the  upper 
tangent-screw  are  used  for  everything  else,  including  aeUing  (ie 
vernier  and  foresighting.  The  upper  clamp  or  tangeniscrew  mud 
never  he  disturbed  when  backsighting  ^  and  the  lower  clamp  at 
tangent' screw  must  never  be  disturbed  when  foresighting. 

For  a  more  accurate  method  of  measuring  angles  (by  repe- 
tition) see  Art.  138,  p.  99. 

126.  Angles  Taken  to  the  Right  or  Left.  Any  angle  as 
BCA  has  two  values,  one  measured  clockwise,  the  other  coimter- 

clockwise.  If  measured  clockwise,  it  is  said  to 
be  taken  to  the  right;  if  measured  counter- 
clockwise, it  is  taken  to  the  left.  The  difiPerenee 
li(\s  wholly  in  the  direction  in  which  the  angle  is 
rciul;  it  makes  no  difference  whatever  in  which 
direction  the  telescope  is  turned  when  moved 
from  the  backsight  to  the  foresight.  This  will  be  clear  if  the 
methods  of  reading  right  and  left  angles  as  explained  in  the 
preceding  chapter  are  understood.  In  ordinary  surveying 
it  is  better  on  the  whole  to  take  all  angles  to  the  right,  but  in 
some  lines  of  work  it  is  more  convenient  to  take  them  right 
or  left.  Keep  in  mind  that,  except  for  deflection  angles, 
360°  minus  an  angle  to  the  right  equals  the  corresponding 
angle  to  the  left  and  vice  versa. 

127.  Taking  a  Number  of  Angles  from  the  same  Back- 
sight. 

1.  Set  the  vernier  at  zero.     (Upper  clamp  and  tangent-screw.) 

2.  Backsight  on  A.     (Lower  clamp 
and  tangent-screw.) 

3.  Foresight  on  B.     (Upper  clamp 
and  tangent-screw.)     Read  the  angle. 

4.  Foresight  on  C.     (Upper  clamp 
and  tangent-screw.)     Read  the  angle. 

5.  Foresight  on  D.  (Upper  clamp  and  tangent-screw.)  Read 
the  angle. 

Thus  any  number  of  angles  may  })e  taken  from  ^  as  a  back- 
sight. Note  again  that  the  lower  clamp  and  corresponding 
tangent-screw  are  not  to  he  disturbed  after  the  backsight  is  taken. 

128.  Setting  the  Vernier.  Setting  the  vernier  at  zero  is 
merely  a  matter  of  convenience.     In  some  cases  it  is  better  to 


Fig.  127. 
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set  it  at  random,  read  it  before  and  after  measuring  the  angle, 

and  take  the  difference  of  the  two  readings. 

lUuatration.  The  vernier  is  set  at  30**  10'  before  backsi^hting.  The 
reading  from  the  foresight  is  70°  21'.  The  value  of  the  angle  is:  70°  21'  — 
30O  10^=40°  11', 

129.  Suggestions  for  Measuring  Horizontal  Angles. 

1.  Remember  that  the  telescope  cannot  be  turned  right  or 
left  without  turning  the  upper  plate  with  it. 

2.  If  there  are  two  verniers,  it  is  sufficient  in  ordinary  work 
to  use  only  one,  and  that  should  be  the  one  which  is  more  nearly 
under  the  eyepiece  of  the  telescope.  (Saves  walking  around 
the  transit.)  The  other  vernier  across  the  circle  should  not  be 
used  at  all  except  in  special  cases.  Avoid  the  mistake  of  using 
first  one  and  then  the  other  indiscriminately,  or  getting  the 
two  confused. 

3.  Form  the  habit  of  estimating  by  eye  whether  an  angle  is 
between  90°  and  180°,  or  between  180°  and  270°.  This  is  one 
of  the  best  hints  that  can  be  given,  and  if  the  beginner  will  check 
his  readings  in  this  way  he  will  save  himself  absurd  mistakes 
of  an  even  90°  or  an  even  180°  due  to  reading  the  wrong  vernier 
or  the  wrong  number  on  the  limb.     (See  p.  71,  Art.  94  (6).) 

4.  After  the  backsight  is  taken  see  that  all  clamps  are  tight 
and  that  the  vernier  is  set  exactly  at  zero  before  loosening  the 
upper  clamp  to  take  angles,  but  donH  force  the  chimp.  To  make 
sure,  test  the  lower  clamp  by  trying  gently  to  turn  the  plate.  If 
the  cross-hairs  move  slightly  off  of  the  backsight  but  come  back 
again  when  the  hands  are  removed  from  the  plate,  the  clamps 
are  tight. 

5.  Do  not  rest  the  hands  on  the  tripod  or  upon  any  other 
part  of  the  instrument. 

6.  In  taking  a  large  number  of  angles  from  the  same  back- 
sight a  good  transitman  will  find  time,  every  few  angles,  to 
sight  on  his  ** permanent  backsight"  to  make  sure  that  the 
lower  part  of  the  transit  has  not  been  disturbed.  After  taking 
a  set  of  angles  always  do  this  the  last  thing  before  leaving  the 
station. 

7.  In  taking  a  number  of  angles  from  the  same  backsight,  it 
is  not  necessary  to  set  the  upper  clamp  each  time  if  the  tan- 
gent-screw is  not  used.  Where  angles  have  to  be  read  rapidly 
and  to  the  nearest  minute  or  two,  it  is  better  not  to  use  the 
upper  clamp  at  all. 
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8.  If  a  number  of  angles  are  taken  from  the  same  backsight, 
and  if,  as  is  often  the  case,  one  is  more  important  than  the 
others,  aim  to  take  the  important  one  first  as  soon  as  poflsible 
after  backsighting,  to  avoid  the  error  from  slight  disturbances 
of  the  transit. 

9.  In  taking  angles  to  the  right  it  is  not  necessary  to  turn 
the  telescope  to  the  right.    Turn  it  through  the  shorter  arc. 

10.  Follow  the  suggestions  for  using  the  vernier  and  reading 
angles  given  in  Art.  131. 

130.  Sources  of  Error  in  Measuring  Horizontal  Angles. 
If  the  transit  is  in  good  working  order,  well  adjusted  and  no 

parts  loose,  the  most  common  sources  of  error  are: 

1.  Careless  setting  up, — not  over  the  tack,  or  plates  not  level, 
or  legs  not  firm. 

2.  The  slipping  of  a  clamp  when  it  is  supposed  to  be  tight. 

3.  Rough  or  careless  handling  of  the  instrument. 

4.  Careless  sighting, — intersection  of  cross-hairs  not  used,  or 
sighting  at  the  top  instead  of  the  bottom  of  the  rod. 

5.  Instrument  disturbed  or  jarred  out  of  position  by  walking 
around  it,  by  passing  teams  or  cars;  vibration  of  telescope  in 
strong  wind. 

6.  Mistakes  in  setting  the  vernier  or  in  reading  the  angle. 
A  discussion  of  these  errors  will  be  found  in  the  next  chapter. 

131.  Suggestions  for  Using  the  Vernier  and  Reading 
Angles.     (A  summary  of  Chapter  VIII.) 

1.  Use  the  upper  clamp  and  tangent-screw  for  setting  the  ver- 
nier. Loosen  both  clamps,  upper  and  lower,  until  the  setting 
is  near  enough  to  use  the  tangent-screw,  then  tighten  the  upper 
clamp;  after  that  remember  that  the  upper  tangent-screw  can- 
not be  turned  vrUhout  disturbing  the  setting  of  the  vernier, 

2.  If  there  are  two  verniers,  180°  apart,  use  the  one  that  is 
nearly  under  the  eyepiece  of  the  telescope.  Do  not  use  the 
other  vernier  at  all  except  in  special  cases. 

3.  Ascertain  from  inspection  whether  the  center  (or  inner)  row 
of  numbers  on  the  limb  is  to  be  read  for  angles  to  the  right. 
Use  this  row  exclusively  except  in  work  where  angles  are  taken 
to  the  left. 

4.  Do  not  make  the  mistake  of  setting  the  vernier  at  the 
wrong  zero.  If,  for  example,  the  outer  row  is  graduated  fn»n 
0°  to  360°,  and  the  inner  row  is  graduated  by  the  half-circle 
method  or  by  the  quadrant  method  (see  pages  73-75),  one  of  the 


USE  OF  THE  TRANSIT  97 

seroes  on  the  inner  row  will  come  opposite  to  the  180*  mark  on 
the  outer  row.  A  common  mistake  is  to  set  the  vernier  at  this 
zero  and  then  read  the  angle  as  if  it  had  been  set  at  the  360° 
mark  (or  corresponding  zero)  of  the  outer  row.  This  will  make 
an  error  of  180°  in  the  angle. 

5.  In  setting  the  vernier  as  well  as  in  reading  angles,  look  at 
two  or  three  vernier  marks  rather  than  at  a  single  mark. 

6.  Before  looking  at  the  vernier  make  sure  that  you  have  the 
limb  reading  correct,  especially  the  even  number  of  degrees. 
Always  keep  in  mind  the  value  of  the  smallest  division  on  the 
limb  and  do  not  neglect  the  fraction  of  a  degree.  Estimate 
roughly  from  inspection  of  the  limb  what  the  vernier  reading 
should  be  before  looking  at  the  vernier. 

7.  In  a  double  vernier  read  the  vernier  which  is  in  advance  of 
the  indicator. 

8.  In  reading  the  vernier  keep  in  mind  the  value  of  the 
smallest  division,  and  if  it  is  in  seconds  do  not  call  it  minutes. 
Notice  if  the  final  reading  agrees  with  that  previously  estimated 
from  the  limb. 

9.  Finally.  The  order  in  reading  an  angle  is:  (1)  Note  the 
limb  reading  carefvUy;  (2)  Estimate  the  vernier  reading;  (3) 
Read  the  vernier;  (4)  Add  the  vernier  reading  to  the  limb 
reading. 

132.  Common  Mistakes  in  Reading  Angles.  (See  Chapter 
VIII.) 

1.  Setting  the  vernier  at  a  zero  of  the  inner  circle,  but  not  at 
the  zero  of  the  outer  circle,  and  reading  the  angles  thereafter 
from  the  outside  circle,  or  vice  versa, 

2.  Omitting  the  fraction  of  a  degree  in  reading  a  limb. 

3.  Reading  the  inside  circle  of  numbers  on  the  limb  instead 
of  the  outside  circle,  or  vice  versa, 

4.  Getting  the  number  of  degrees  wrong  when  the  limb  is  not 
numbered  continuously  from  0  to  360. 

5.  Reading  the  B  vernier  instead  of  the  A  vernier,  or  vice 
versa. 

6.  Reading  the  wrong  side  of  a  double  vernier. 

7.  Calling  the  smallest  division  on  a  30",  20",  or  10"  vernier 
minutes  instead  of  seconds. 

8.  Looking  at  a  single  vernier  mark  instead  of  at  two  or  three. 

9.  Arithmetical  mistakes  in  adding  the  vernier  ift^dm^X^Ci  'Oaa 
Mmh  re&ding. 
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10.  Finally:  Mistakes  are  more  likely  to  occur  in  reading  the 
limb  than  in  reading  the  vernier,  and  mistakes  in  reading  tlie 
limb  are  the  more  serious.  Many  such  mistakes  may  be  avoided 
by  habitually  estimating  angles  by  eye  as  a  rough  check  on 
the  reading.     (See  suggestion  3,  p.  95.) 

133.  The  Reading-glass.  A  small  magnifying-glass  is  used 
for  reading  the  vernier;  one  about  an  inch  in  diameter  is  a 
good  size.  Steady  the  glass  by  resting  the  hand  on  the  plate 
near  the  vernier,  and  bring  the  glass  slowly  toward  the  eye 
until  the  best  results  in  clearness  and  magnification  are  ob- 
tained. In  bright  sunlight  a  good  way  is  to  use  both  hands, 
one  resting  on  either  side  of  the  vernier,  with  the  reading-glass 
supported  between  them.     This  effectively  shades  the  vernier. 

134.  Taking  Angles  from  the  Backsight  Prolonged.  In 
some  classes  of  work,  especially  in  railroad  work  and  in 
surv^eys  which  continue  more  or  less  in  a  straight  line,  it  id 

more  convenient  after  backsighting  to 
plunge  the  telescope  and  take  angles 
right  or  left.  Thus  in  Fig.  134,  back- 
sight on  A,  plunge  the  telescope  and 
measure  an  angle  CTD  to  the  right  or 
CTB  to  the  left.     Such  angles  are  called 

deflection   angles.     (See   p.    120.)     Deflection   angles   are   never 

greater  than  180^. 

135.  Vertical  Angles,  (a)  With  the  horizontal.  If  neces- 
sary, first  adjust  the  vertical  arc  so  that  it  is  at  zero  when  the 
line  of  sight  is  level  (as  sho\\Ti  by  the  level-bulb  attached  to 
the  telescoi>e).  Sight  approximately  at  the  point,  set  the  clamp 
that  controls  the  movement  of  the  telescope  in  the  vertical  plane, 
and  use  the  corresponding  tangent-screw  to  bring  the  line  of 
sight  exactly  on  the  point.     Read  the  vertical  arc. 

Caution,  On  some  transits  the  vertical  arc  is  fastened  to  the  supporting 
axis  by  a  clamp,  and  when  this  clamp-screw  is  loose  the  axis  may  turn 
without  takiuK  the  vertical  arc  with  it.  Be  constantly  on  guard  wben 
measuring  vertical  angles  with  such  an  instrument,  to  make  sure  that  the 
reading  is  zero  when  the  bubble  is  at  the  center  of  its  tube. 

If  neither  the  vertical  arc  nor  the  corresf)onding  vernier  is  adjustabfet 

it     ~ 
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Fig.  134. 


note  the  reading  when  the  line  of  sight  is  horizontal.  This  reading,  some- 
times called  un  index  error,  must  then  be  applied  with  its  proper  alffebraie 
sign  to  all  readings,  just  as  if  the  vertical  angle  were  taken  between  any 


(6)  Vertical  angle  between  two  points.     Sight  first  at  one  point, 

note  the  reading  on  the  vertical  arc,  then  sight  at  the  other  and 

note  that  reading.     Use  the  clamp  and  tangent-screw  attached 

lo  the  supporting  axis.     Inspection  oi  tVie  xeT\.\c.\ib\  cvc^lI^  will 
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make  it  obvious  whether  to  add  or  to  subtract  the  readings.  If 
both  sights  are  above  or  below  the  horizontal,  subtract;  if  one 
is  above  and  the  other  below,  add.  It  is  not  usually  necessary 
in  surveying  to  measure  vertical  angles  with  the  same  precision 
required  for  horizontal  angles. 

136.  To  Turn  off  a  Horizontal  Angle.     The  reverse  of 

measuring  an  angle.     Set  the  vernier  at  zero  and  clamp  the 

plates  together  (upper  clamp).     Backsight  and  set  the  lower 

clamp.     Loosen  the  upper  clamp  and  set  the  vernier  at  the 

angle  to  be  laid  off.     Set  the  upper  clamp,  "line  in"  the  pole, 

stake,  tack,  or  whatever  is  used  to  mark  the  desired  point. 

Note,  Notice  that,  as  in  measuring  angles,  the  lower  clamp  is  only 
used  for  backsighting.  The  most  common  angle  to  lay  off  Ls  0<)^  for  foun- 
dations of  structures,  for  rectangular  pieces  of  land,  for  triangulation,  and 
for  many  other  purposes.  For  a  more  accurate  method  (by  rei^etition) 
see  Art  142. 

137.  To  Measure  Horizontal  Angles  with  Great  Accuracy. 

Errors  in  adjustment  must  be  eliminated  and  the  angle  read 
to  as  small  a  fraction  of  arc  as  the  instrument  will  allow.  As 
most  transits  are  more  or  less  out  of  adjustment,  and  as  the 
ordinary  transit  reads  to  minutes  or  possibly  half-minutes,  the 
method  of  Art.  125,  depending  on  a  single  reading,  will  not  give 
the  best  results.  One  of  the  two  methods — by  repetition  or  by 
series — ^may  be  used  where  greater  accuracy  is  required.  Both 
methods  depend  upon  multiplying  the  number  of  the  o])serYa- 
tioni. 

1 38.  Measuring  Angles  by  Repetition.  To  measure  an  angle 
by  repetition  means  to  measure  it  two  or  more  times,  allowing 
the  vernier  to  remain  clamped  each  time  at  the  previous  reading 
instead  of  setting  it  back  at  zero  when  sighting  at  the  backsight. 

(a)  Measure  the  angle  once  in  the  usual  manner,  note  the 

reading   (merely  as  a  check),   and  let  the    two  plates  remain 

clamped  at   the  reading.     Backsight    again   and   measure    the 

angle  a  second  time  in  the  same  direction  as  before.     The 

reading  should  now  be  double  the  real  value  of  the  angle. 

(6)  lUuatration.  Transit  at  C,  backsight  at  A.  Measure  ACB;  sup- 
I>ose  vernier  reads  30**  1'.  Allow  vernier  to  remain  clamped  at  30°  1',  back- 
sight at*  A,  and  measure  the  angle  again.  The  vernier  will 
now  read  60**  2',  which  divided  by  2  gives  the  value  as  be- 
fore. 30**  1'.  But  suppose  instead  of  60°  2'  it  reads  60°  3'. 
This  would  indicate  that  the  angle  is  30°  1'  30".  But  if 
the  transit  reads  to  minutes,  this  result  could  not  have  been 
obtained  from  a  single  observation  without  estimating  the  ^^ 

30".     Bjr  letting  the  vernier  remain  at  60°  3'  and  measuring  ^B 

for  a  third  time,  if  the  reading  should  be   90°  4'  the  value        Fig.  138. 
would  be  30*  1'  20".     Thus  on  a  transit  reading  to  minutea 
results  may  be  obtained  to  30"   by  doubling  an  ani^,  an^  \.c>  ^^'^  Xs^ 
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(c)  DaiMing  an  angle  is  measuring'  an  angle  by  the  above  method  tinee 
before  reading,  tripling  thi«e  times,  quadrupling  four  times,  and  so  on. 
More  than  six  repetitions  are  seldom  used.  Of  course,  a  vernier  may  be  set 
at  random  to  start  with  instead  of  at  zero.  In  running  transit  lines, 
doubUng  angles  may  be  used  merely  as  a  check. 

Caution.  Keep  m  mind  the  rule,  Art.  119:  Backsight — lower:  for»- 
sight — upper.  In  repeating  an  angle,  turning  the  lower  tangent-seiew 
when  foresighting,  or  the  upper  tangent-screw  when  backsi^tinc,  will 
make  it  necessary  to  start  all  over  again. 

(d)  Adding  multiplea  of  S60°.  In  repeating  an£^  it  is  sometimes  neoes- 
sary  to  add  360°  or  720°  to  a  reading.  First  illustraiion.  In  doubling  an 
angle  of  200°  the  first  reading  is  200°,  the  second  reading  is  40%  or  404- 
360=»400  and  400-^-2  =  200°.  Second  iilustrcUion.  An  angle  of  130°  is 
sextupled,  and  the  final  reading  is  60°,  or  60-1-360-1-360  =  780,  and  780+ 
6  =  130°.     The  indicator  on  the  vernier  has  moved  twice  around  the  srad- 

uated  circle  and  60°  over. 

# 

(e)  Measuring  deflection  angles  by  repetition.  This  involves 
the  method  of  double  reverse  (p.  92);  otherwise  it  does  not 
differ  from  the  method  just  explained. 

(1)  Measure  the  deflection  angle  in  the  usual  way. 

(2)  Keep  the  plates  clamped  at  the  reading  obtained  in  (1) 
loosen  the  lower  clamp,  and,  with  the  telescope  still  bottom  side 
up,  backsight  a  second  time  as  in  the  method  of  double  reverse. 

(3)  Plunge  (the  telescope  now  becomes  right  side  up),  and 
again  measure  the  deflection  angle,  dividing  the  final  reading 
by  two. 

In  addition  to  the  usual  advantages  of  doubling  an  angle 
this  method  eliminates  errors  in  adjustment  of  the  line  of 
eollimation. 

139.  Measuring  Angles  by  Series.     This  method  may  be 

used  where  several  angles  have  a  common 
vertex.  Angles  are  measured  in  succession 
around  the  horizon,  and  the  set  ''closed*'  by 
sighting  on  the  first  backsight.  If  the  vepc 
nier  does  not  read  the  same  as  it  did  to  start 
with,  the  error  is  distributed  equally  between 
the  angles  irrespective  of  size. 

Jllluatration.     Transit  at  C,     Set  vernier  at  random,  say  20°.     Backai^t 
on  A.     Vernier  reading  20°. 

Angle  Subtraction  Value 


Fore-  Vernier 

sight  Reading 


B  140°  21'  ACB 

D  160°  32'  BCD 

E  200°  40'  DCE 

A  20°    1'  ECA 


(140"  21')-  20°  0') 

120«»  21' 

(160°  32') -(140°  21') 

20*  11' 

(200°  40') -(160°  32') 

40°  8* 

(380°  1')- (200°  40') 

179*  21' 

360^01' 


Error=20°  l'-20°  =  l'  or  15"  to  be  subtracted  from  each  angle,  thus; 
120°  20'  45"  +  20°  10'  45"  +  40°  7'  45"  + 179°  20'  45"  =  360°  0'  0".  By  tak- 
ing angles  in  combination,  as,  for  example,  ACD,  BCE,  and  ACE,  other 
SQuatioDa  of  conditions  may  be  obtained. 
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140.  Additional  Precautions  in  Measuring  Angles.  In 
'ery  accurate  work,  when  measuring  angles  either  by  repe- 
ition  or  by  series,  one  or  more  of  the  following  precautions 
nay  be  taken  to  eliminate  error  due  to  lack  of  adjustment, 
ccentricity,  faulty  graduation,  and  other  instrumental  errors: 

1.  Read  both  (opposite)  verniers  each  time. 

2.  Take  angles  to  the  right,  then  to  the  left. 

3.  Take  angles  with  tha  telescope  normal,  then  with  it  in- 
serted. 

4.  Shift  the  zero  of  the  vernier  along  the  limb  so  that  differ- 
jnt  portions  of  the  graduated  arc  may  be  used. 

Tcikxng  anglea  in  sets.  When  the  above  precautions  are  used  it  is  neces- 
tftry  to  take  the  angles  in  "sets."  Each  set,  complete  in  itself,  gives  a 
•ralae  of  the  angle,  and  the  final  value  is  found  either  by  taking  the  arith- 
netical  mean,  or  by  adjusting  the  values  from  equations  of  conditions. 
The  latter  properly  belongs  to  higher  surveying.  In  Chapter  XVI,  on 
rrianyulati(m,  more  explicit  directions  are  given  for  taking  angles  in  sets. 

141.  Comparison  of  the  Two  Methods.  The  method  of 
repetition  is  to  be  preferred  for  the  measurement  of  a  single 
9,ngle,  and  for  a  transit  with  coarsely  graduated  circle.  The 
method  by  series  is  used  in  triangulation  when  precise  in- 
struments with  finely  graduated  arcs  are  employed.  In  either 
method  the  precautions  of  Art.  140  will  theoretically  eliminate 
instrumental  error.  In  repeating  angles  the  number  of  sights 
Is  doubled,  hence  the  chances  for  errors  in  sighting  and  clamp- 
ing are  doubled,  and  the  time  nearly  doubled.  Thus  this  method, 
perfect  in  theory,  is  not  so  superior  in  practice  as  at  first  ap- 
pears, and  the  limit  of  precision  is  ordinarily  reached  after  a 
few  repetitions. 

142.  To  Lay  Off  an  Angle  by  Repetition.  The  reverse  of 
oaeasuring  an  angle  by  repetition. 

JlluBtrcUion.  Transit  at  C.  Backsight  at  A,  Required  to  lay  oflf  30* 
I'  30'',  transit  reading  to  minutes. 

Backsight  at  A  with  vernier  set  at  0°. 

Foresi^t  by  setting  vernier  at  30°  V,  point  faUs  at  B, 

Backsight  at  A,  vernier  still  at  30°  1'. 

Foresight  by  setting  vernier  at  60°  3',  point  falls  at  D. 

Required  point  is  at  E^  half-way  between  B  and  D. 

Note.  The  first  and  second  points,  B  and  D,  are  usually 
30  close  together  that  no  difficulty  is  experienced  in  getting 
the  half-way  point.  It  may  be  well,  however,  having  set 
bhe  final  point,  to  actually  measure  the  angle  by  repetition 
iu  the  usual  way  as  a  check.  Precautions  corresponding 
to  those  of  Art.  140  can  be  taken  if  necessary. 

Deflection  angles  may  be  laid  off  in  a  similar  manner  by  reversing  the 
method  of  138  («). 

143.  Reading  Bearings,  (a)  The  compass-box  on  a  transit 
is  attached  to  the  upper  plate,  and  when  the  le\esco^fe  \^  \,>MT\fc^ 
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sidewise  the  compass-box  must  turn  with  it.  When  the  tefe- 
scope  is  right  side  up  the  letter  N.  is  directly  beneath  the  ftont 
end  of  the  telescope.  A  line  between  N.  and  S.  is  always  di- 
rectly beneath  the  axis  of  the  telescope  (or  line  of  ught)  ■■ 
matter  <n  what  direction  the  telescope  may  be  pointing.  When 
the  magnetic  needle  ia  low'ered  lo  its  pivot  it  will  come  to  rest 
pointing  north,  and  if  the  telescope  is  also  pointed  to  the  mag- 
netic north,  th^  north  end  of  the  needle  will  point  to  the  letter 


the  needle  will  still  point  to  the  magnetic  north,  and  each  of 
its  ends  will  usually  rest  betiveen  two  of  these  letters.  To 
read  the  bearing  of  a  line,  pay  no  attention  to  the  tfllescope 
except  to  see  whether  it  is  normal  or  inverted,  and  do  not  try 
to  think  beforehand  whether  the  bearing  is  going  to  be  N.B. 
or  S.E.,  S.W.  or  N.W.  If  the  telescope  is  right  side  up,  simply 
obser\'e  between  which  two  letters  the  north  end  of  the  needle 
rests,  and  how  many  degrees  it  is  from  the  letter  N.  or  the 
letter  S.  as  the  case  may  be.  The  south  end  oE  the  needle  is 
observed  instead  of  the  north  end  when  the  telescope  is  in- 
verted. The  north  end  0}  the  needle  is  the  end  vnthout  the  v>eighL 
On  most  transits  the  letters  E.  and  W.  are  interchanged,  the 
E.  being  on  the  left  and  the  W.  on  the  right.  The  reason  for 
this  will  appear  from  (he  following  illustralions: 


J  of  the  neetlle  will  ba 

naturally  expect  il  to 
L  and  W.,  wlJch  misht 
.acl  of  H.E. 


N.  30°  30'  E.  In  rea4i 
found  between  the  letti 
hod  been  on  the  left  it 


ice  uf  E..  u  one  might 
.Ite  Koul.l  fall  between  > 
g  the  bearing  N.W.  iufi. 
143(c)  ^upi.ase  cbe  tel 
d  of  the  needle  la  obaer 
«.  If  E.  and  W.  had  1; 
I  S.  and  W. 


USE  GF  THE  TRANSIT  103 


transits  where  the  E.  and  W.  have  not  been  interchanged  one  must 
guard  against  the  mistake  illustrated  above  of  reading  east  for  west 
J  versa. 

Precautions,  (1)  Never  read  a  bearing  from  E.  or  from  W.  The 
itter  is  always  N.  or  S.,  and  the  last  letter  is  always  E.  or  W. 
In  recording  a  bearing  do  not  omit  either  the  first  or  the  last  letter, 
at  value  is  a  bearing  recorded  N.  40°,  or  one  recorded  35°  E.7 
In  some  transits  a  vernier  will  be  found  within  the  compass  circlet 
used,  when  desired,  for  setting  ofif  the  magnetic  decUnation,  so  that 
the  needle  points  to  N.  the  telescope  will  point  to  the  true  north  in- 
of  the  magnetic  north.  This  makes  it  possible  to  read  true  bearings 
d  of  magnetic  bearings.  (See  Art.  154.)  When  reading  magnetic 
gs  be  sure  that  this  vernier  is  set  ai  zero. 


CHAPTER  X 

ERRORS  IN  ANGULAR  MEASUREMENTS 

The  aim  in  this  chapter  is  to  discuss  the  relative  importance  of  tbi 
different  sources  of  error  in  angular  measurement,  to  suggest  limits  oi  errar 
and  to  point  out  how  the  limits  of  error  adopted  for  angular  measuremrat 
should  be  consistent  with  those  adopted  for  linear  measurement. 


144.  Sources  of  Error  in  Measuring  Angles. 

1.  Instrumental  errors.  (!)  Errors  of  adjustment,  and  (2)  errors 
from  defects  in  construction  which  cannot  be  eliminated  by 
adjustment,  such,  for  example,  as  eccentricity  in  the  gradua- 
tion on  the  limb.  (See  Part  III.)  Methods  of  eliminating  in- 
strumental errors  are  given  in  Art.  140,  p.  101. 

2.  Mistakes  in  manipulating  the  transit.  Summarized  in  Art. 
130,  p.  96. 

3.  Mistakes  in  reading  angles.     Summarized  in  Art.  132,  p.  97. 

4.  Errors  in  setting  up  the  transit.  (1)  Transit  not  centered 
over  the  station,  and  (2)  plates  out  of  level. 

5.  Errors  in  sighting.  Intersection  of  cross-hairs  not  exactly 
on  the  point  sighted  at. 

6.  Natural  sources  of  error.  Wind,  refraction,  temperature, 
obstacles. 

145.  Relative  Importance  of  Error.  In  linear  measure- 
ment the  magnitudes  of  the  errors  from  different  sources  are 
pretty  well  knowTi,  but  in  angular  measurement  the  errors  are 
so  affected  by  varying  conditions  that  they  cannot  be  esti- 
mated in  advance.  Instrumental  errors,  mistakes  in  manipu- 
lating the  transit,  and  mistakes  in  reading  angles,  for  example, 
do  not  admit  of  much  theoretical  discussion.  In  ordinary 
surveying  such  errors  can  be  practically  eliminated,  and  then 
their  relative  importance  does  not  matter.  The  last  three  sources 
of  error  mentioned  in  the  preceding  article  may  be  briefly  treated. 

146.  Errors  in  Setting  up  the  Transit.     Contrary  to  the 
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neral  impreaaion  the  error  due  to  the  plumb-bob  being  off 
e  station  is  not  so  important  as  the  error  due  to  the  plates 
ting  out  of  level.  This  is  especially  true  in  hilly  ground  whom 
e  telescope  may  be  pointed  up  for  one  sight  and  down  for 
Lother.  It  is  to  be  remembered  also  that  in  measuring  an 
Lgle  the  error  from  either  source  is  greater  for  short  sights 
an  for  long  sights,  while  in  laying  off  an  angle  the  reverse  is 
ue.  It  does  not  take  much  if  any  longer  for  a  good  transit- 
an  to  so  set  up  his  instrument  that  in  ordinary  work  the  erroi 
3ni  either  source  is  inappreciable.  Although  th3  plumb-boh 
ay  be  as  much  as  }  inch  off  the  station,  the  resulting  error 
ll  probably  not  exceed  one  minute  for  100-ft.  sights,  while 
r  1000-ft.  sights  it  will  be  a  small  fraction  of  a  minute.  As 
e  plumb-bob  can  be  brought  to  within  J"  of  the  point  with- 
it  special  effort  and  still  closer  if  desired,  it  is  seen  that  the 
iportance  of  this  source  of  error  may  be  easily  overestimated, 
the  limb  is  6"  in  diameter  and  one  edge  is  ^  "  lower  than  the 
her,  a  maximum  error  of  one  minute  of  arc  might  result.  A 
fference  of  Y'  in  level  might  cause  a  maximum  error  of  from 
c  to  seven  minutes,  but  such  a  difference  in  level  would  be 
^parent  to  the  eye. 

147.  Errors  in  Sighting,  (a)  The  practical  question  here 
How  much  error  is  caused  by  not  sighting  exactly  on  a 
•int?  Suppose  that  in  measuring  an  angle  a  line  of  sight  which 
ould  strike  a  given  point  passes  a  short  distance,  say  one 
3h,  to  one  side  of  that  point.  The  nearer  the  given  point 
to  the  transit  the  greater  the  angular  error  caused  by  this 
parture  of  one  inch.  On  the  other  hand,  supi>ose  that  a 
lall  error,  say  of  one  minute,  is  made  in  laying  off  an  angle, 
le  line  of  sight  will  depart  farther  and  farther  from  the  true 
le  as  the  distance  from  the  transit  becomes  greater  and  greater, 
me  idea  of  the  magnitude  of  errors  from  these  two  sources 
\y  be  gained  from  the  following  approximate  values: 


ngth  of  sight 
in  feet 

Angular  error  for 
one  inch  or  0.08  ft. 

Deviation  for  error 
of  one  minute 

100 

3  min. 

0.03  ft.  or    }  in. 

300 

1  min. 

0.09  ft.  or    1  in. 

500 

J  min.  or  30  sec. 

0.15  ft.  or  IJ  in. 

1000 

J  min.  or  15  sec. 

0.30  ft.  or  3f  in. 

1500 

J  min.  or  10  sec. 

0.45  ft.  or  5%v\. 

5000 

jV  min,  or  3  sec. 
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(b)  Note.  It  is  well  to  fix  two  or  three  of  these  values  in  mind.  For 
example,  a  point  an  inch  out  of  line  at  100  ft.  from  the  transit  causes  an 
error  of  about  3'.  This  error  varies  very  nearly  inversely  as  the  distanes 
of  the  point  from  the  transit,  so  that  one  minute  corresponds  approximatelj 
to  one  inch  300  ft.  from  the  transit.  Again,  an  error  of  1'  ox  arc  brings  a 
point  0.3  ft.  out  of  Une  1000  ft.  from  the  transit.  This  error  variea  direetiji 
as  the  distance  of  the  point  from  the  transit,  so  that  at  500  ft.  the  ennr 
is  half  as  much,  or  0.15  ft. 

(c)  Illuatration.  A  rod  ia  held  so  that  the  top  is  one  inch  out  of  plumb. 
It  is  100  ft.  from  the  transit.  Sighting  at  the  top  results  in  an  «tngiilar 
error  of  3'.  Hence  the  importance  of  sighting  at  the  bottom  of  the  rod  or, 
when  this  is  impossible,  of  holding  the  rod  plumb.  The  nearer  the  rod  ii 
to  the  transit  the  more  need  there  is  for  accurate  sighting. 

(d)  Illustration.  The  following  illustration  shows  how  much  more  im- 
portant it  is  to  hold  the  rod  plumb  than  it  is  to  split  it  exactly  with  the 
vertical  hair;  incidentally  it  emphasizes  also  the  importance  of  si^tinc 
at  the  bottom  of  a  rod  when  it  is  possible  to  do  so. 

If  a  rod  one  inch  in  diameter  is  held  on  a  point  300  ft.  from  the  transit, 
the  maximum  error  due  to  the  vertical  hair  not  splitting  the  rod  will  not 
exceed  half  a  minute  of  arc,  pro\ided  the  hair  covers  the  rod  at  all.  On 
the  other  hand,  in  sighting  at  the  top  of  a  rod  which  is,  say,  two  inches 
out  of  plumb,  the  error  will  be  four  times  as  great,  or  two  minutes.  It  is 
e\'ident  that  it  is  easier  to  bring  the  vertical  hair  on  the  rod  than  it  is  to 
hold  the  latter  plumb.  Moreover,  when  all  but  the  upper  foot  or  two  of 
a  rod  is  invisible  from  the  transit,  the  top  may  be  considerably  more  than 
two  inches  out  of  plumb  with  a  corresponding  increase  in  error. 

148.  Natural  Sources  of  Error.  A  high  wind,  a  hazy  at- 
mosphere, the  sun  shining  on  the  instrument,  and  other  natural 
sources  of  error  often  render  accurate  work  with  the  transit 
very  difficult.  For  work  of  great  precision  atmospheric  con- 
ditions are  usually  most  favorable  directly  after  sunrise. 

149.  Elimination  of  Errors.  Mistakes.  Keep  in  mind  the 
"danger-points'*  where  mistakes  are  likely  to  be  made  in  read- 
ing angles.  (Art.  132,  p.  97).  Form  the  habit  of  estimating 
angles  by  eye  as  a  rough  check  (p.  95).  Make  use  of  other 
checks  whenever  possible,  such  as  the  check  by  the  magnetic 
needle  or  by  doubling  the  angle.  Be  sure  that  the  hne  of  si^t 
is  directed  at  the  point  which  is  supposed  to  be  taken ;  do  not 
get  stations  confused,  and  when  it  becomes  necessary  to  sight 
at  the  top  of  a  rod  make  sure  that  it  is  plumb. 

Constant  errors.  One  of  the  reasons  why  the  measurement  of 
angles  is  so  satisfactory  is  that  constant  errors  may  be  largely 
eliminated  by  taking  observ^ations  in  pairs.  Thus,  for  example, 
plunging  the  telescope  between  two  observations  eliminates 
instrumental  errors,  and  reading  both  verniers  eliminates  eccen- 
tricity of  graduation.  Other  precautions  are  given  in  Art.  140, 
p.  101,  and  an  illustration  of  the  method  of  procedure  when 
it  is  desired  to  measure  angles  with  high  precision  is  given  in 
Chapter  XVI,  Triangulation. 

Accidental  errors  are  eliminated  by  adjusting  values  of  angles, 
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aJdng  the  mean  of  several  observations  and  by  distri  bating 
total  error  when  several  angles  are  related  by  some  fixed 
ition  (Art.  24  (6),  p.  14). 
>0.  The  Precision  of  Angular  Measurements   may  be 

ed  in  one  of  two  ways:  (1)  By  comparing  the  results  of 
ral  independent  measurements  of  the  same  angle,  and  (2) 
bserving  how  closely  the  values  of  different  but  related  angles 
1  known  conditions. 

)  First  method.  In  ordinary  work  if  an  angle  is  important 
gh  to  check  at  all,  it  is  usually  doubled.  (Method  of 
:ition,  p.  99.)  In  more  important  work  an  angle  may  be 
jured  a  number  of  times  and  the  precision  will  then  be 
ated  by  the  probable  error  (pp.  15-19).  The  more  com- 
ly  the  assumptions  of  least  squares  (p.  15)  are  fulfilled 
nore  nearly  will  th^  probable  error  represent  the  true  error 
7,  Art.  27  (a)). 

I  Second  method.    When  the  angles  of  a  polygon  are  meas- 

the  true  error  of  their  sum  is  known  (p.  119),  but  not  the 

of  any  one  angle.     The  same  is  true  of  several  angles 

Qg  vertices  at  a  common  point,  when,  as  in  Fig.  139  (p.  100), 

simi  should  equal  360°.     When,  however,  the  sum  of  two 

ore  angles  should  equal  a  measured  angle  the  discrepancy 

een  the  sum  and  the  measured  angle  is  not  an  error  in  the 

sense  of  the  word,  but  simply  the  difference  between  two 

tities  both   of  which  contain  an  error  (see  p.  14).      In 

liree  cases  errors  in  one  angle  may  be  compensated  by 

s  in  another  angle,  so  that  the  error  of  the  sum  does  not 

sent  the  actual  precision  of  the  work. 

Illustration.  The  three  angles  of  a  triangle  often  add  up  exactly  to 
when  measured  with  a  transit  reading  to  minutes.  This  does  not 
that  no  error  has  been  made,  but  that  the  errors  are  exactly  com- 
ting.  It  is  not  likely  that  any  one  of  the  three  angles  can  be  ex- 
d  in  even  minutes.  If,  therefore,  they  are  measured  with  a  finely 
ated  transit  reading  to  10",  their  sum  is  less  likely  to  add  up  to  180° 
if  a  transit  reading  to  minutes  is  used,  although  the  precision  with 
each  angle  is  measured  may  be  much  greater.  Thus,  for  example, 
angles  were  measured  with  the  following  results: 

Transit  reading  Transit  reading 

to  1  minute  to  10  seconds 

1 68°  10'  68°    9'  40" 

2 79°  40'  79°  40'  25" 

3 32°  10'  32°    9'  40" 

180°    0'  179°  59'  45" 

error  of  the  sum  in  the  second  set  is  15",  yet  the  ptecvsvtiTw  lot  ^^.^^ 
is  probably  much  greater  than  in  the  first  set  "wYieTe  t\v&  ^ttot  ciV  \)tkfe 
jgero.     In  a  similar  manner  the  angles  oi  a  tnaiiv\ft  a^  ^«\«imvc^'a 
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by  reading  a  compass  to  the  nearest  15'  will  often  add  np  180^,  wbOe  tk 
same  angles  measured  with  a  transit  fail  to  do  so,  yet  the  precision  of  tht 
work  done  with  the  transit  is  probably  far  greater. 

151.  Conditions  which  Affect  the  Precision  of  Angular 
Measurements  in  addition  to  the  sources  of  error  already 
treated  are: 

(1)  Instrument  used.  How  well  made;  how  finely  gradu- 
ated; power  of  telescope,  sensitiveness  of  levels,  and  rigidity 
of  tripod. 

(2)  Local  conditions.  Conditions  affecting  the  setting  up 
and  the  stability  of  the  transit.  Time  allowed  for  completion 
of  the  work. 

(3)  Atmospheric  conditions.  Wind,  haziness,  temperature,  and 
refraction. 

(4)  Method  used  in  measuring  the  angle. 

152.  Customary  Limits  of  Error.  (a)  Varying  condi- 
tions render  it  difficult  to  state  what  constitutes  good  woik 
with  the  transit.  Moreover,  as  already  pointed  out  on  p.  44, 
the  limits  of  error  are  largely  governed  by  the  purpose  of  a 
survey,  and  even  in  the  same  survey  angles  are  not  all  meas- 
ured with  the  same  precision.  Supposs,  however,  a  limit  of 
error  has  been  fixed  for  chaining  and  it  is  desired  that  the 
precision  of  angular  measurement  shall  correspond.  The  ques- 
tion at  once  arises:  What  is  the  largest  permissible  error  for 
each  angle?  In  the  following  table  the  errors  in  feet  caused 
by  different  angular  errors  are  given  for  five  lengths  of  sights, 
viz.,  100  ft.,  500  ft.,  1000  ft.,  1500  ft.,  and  5000  ft.: 


Error 

100 

500 

1000 

1500 

5000 

Batio 

r 

0.0291 

0.1454 

0.2909 

0 . 4363 

1.4544 

1 
8440 

30" 

0.0145 

0.0727 

0.1454 

0.2182 

0.7272 

1 

30" 

0.0097 

0.0485 

0.0970 

0.1454 

0.4848 

1 

10300 

10" 

0.0048 

0.0242 

0.0485 

0.0727 

0 . 2424 

1 
20000 

6" 

0.0029 

0.0145 

0.0291 

0 . 0436 

0.1454 

1 
34400 

4" 

0.0019 

0.0097 

0.0194 

0.0291 

0.0970 

1 

51600 

2" 

0.0010 

94  ft  =i 
'3ft.  =  l 

0.0048 

0 . 0097 

0.0145 

0.0485 
0.041T  ft. 

1 

103100 

D.OH 
0.083 

in.           0.0208  it.= 
in.           0.2500  {t.= 

=  i  in. 
=  3  in. 

.«  \  in. 
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This  table  has  two  uses:  (1)  It  gives  the  permissible  angular 
error  for  a  given  ratio  of  precision;  (2)  it  gives  an  idea  of  the 
error  in  feet  at  different  distances  from  the  transit  caused  by 
a  given  error  in  minutes  or  seconds. 

(6)  Permissible  angular  error.  The  ordinary  transit  reads 
to  minutes.  If  an  error  in  an  angle  does  not  exceed  one  minute, 
the  ratio  of  precision  is  about  y^^xF-  ^^  ^^  ^^^  difficult  to  keep 
within  this  limit  in  chaining,  and  in  a  large  part  of  the  sur- 
veyor's work  greater  precision  is  not  required.  A  ratio  of  ^^jj 
is  classed  as  fair  work  for  measurements  with  a  steel  tape 
(p.  49).  To  come  within  this  Umit  angles  should  be  read 
to  30"  (see  table),  and  this  can  easily  be  done  with  a  transit 
reading  to  minutes  (p.  78).  For  a  precision  of  xTriTfr  ^^^  angles 
should  be  read  to  20",  therefore  a  transit  graduated  to  20" 
is  preferable.  For  the  higher  limits  of  szhrsf  zuiinft  ^^^  ruiffrcns 
it  is  seen  that  angles  must  be  read  to  6",  4",  and  2"  respect- 
ively. This  requires  the  use  of  accurate  instruments,  finely 
graduated,  with  corresponding  precautions  in  sighting  and 
manipulation.  Moreover,  a  number  of  independent  measure- 
ments of  each  angle  must  be  taken  (either  by  repetition  or  by 
series,  see  pp.  99,  100),  from  which  the  probable  value  of  the 
angle  may  be  deduced. 

It  is  evident  that  in  any  given  survey  the  limit  of  error  for 
angles  and  the  limit  of  error  for  linear  measurements  should 
be  consistent.  This  is  too  frequently  overlooked,  one  Umit 
being  set  for  chaining,  another  for  transit  work.  An  exception 
to  be  noted  is  in  rough  chaining  when  corresponding  angular 
measurements  can  be  made  with  greater  precision  than  the 
h'near  measurements  without  special  effort  or  loss  of  time. 

(c)  The  permissible  error  in  the  position  of  a  point,  if  kept  in 
mind,  will  often  save  unnecessary  refinement  in  measuring 
angles  in  certain  classes  of  work,  while  in  other  work  it  will 
emphasize  the  necessity  for  accurate  measurements.  This  is 
shown  in  the  following  illustrations. 

(d)  Illustration,  In  a  topographic  survey  it  is  sufficient  to  locate  con- 
tour points  within,  say,  a  foot  or  two.  The  longest  sight  is,  say,  400  ft. 
From  the  table  the  error  for  V  for  a  100-ft.  sight  is  0.029  ft.,  hence  for 
400  ft.  it  is  about  0.12  ft.  To  come  within  1.5  ft.  the  angular  error  must 
not  exceed  1.5-*-0.12  =  12  minutes.  For  sights  less  than  400  ft.  the  per- 
missible error  is  still  greater.  As  limb  readings  can  easily  be  estimated 
to  within  10',  this  means  that  for  400-ft.  sights,  or  less,  it  is  not  necessary 
to  consult  the  vernier — an  obvious  saving  of  time. 

(«)  lUuatrtUion.     A  certain  point  about  500  it.  Itoto.  \,\ve  \.t«.tvsv\.  xcoaaX. 
be  located  within  i\     From  the  table,  i"  Qor  0.020%  It.^  lot  bORk  V\.,  ^o\:- 
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responds  to  an  error  of  a  little  less  than  10".     This  is  the  TnaximiiTn  per* 
missible  angular  error. 

(/)  Error  in  the  sum  of  angles.  Since  errors  in  angular  measure- 
ments are  largely  compensating,  when  several  angles  are  added 
together  the  total  error  of  their  sum  may  be  expected  to  vaiy 
about  as  the  square  root  of  the  number  of  angles.  Limits  of 
error  may  be  indicated  as  in  chaining  (p.  45);  thus  R0=r\/N, 
where  Ra  is  the  total  error  of  the  sum,  r  the  permissible  error 
for  one  angle,  and  N  the  number  of  angles  either  in  a  polygon 
or  about  a  point.  From  the  following  table  the  value  of  B, 
in  seconds  can  be  obtained  for  different  values  of  r  and  N: 

Permissible  errors  in  the  sums  of  angles  for  different  values  of  r 


N 

r=60" 

r=30" 

r=20" 

r=  10" 

r=6" 

r=4" 

r=2" 

3 

104" 

52" 

35" 

17" 

10" 

7" 

3.5" 

4 

120" 

60" 

40" 

20" 

12" 

8" 

4" 

6 

147" 

73" 

49" 

24" 

15" 

10" 

5" 

9 

180" 

90" 

60" 

30" 

18" 

12" 

6" 

12 

208" 

104" 

69" 

35" 

21" 

14" 

7" 

16 

240" 

120" 

80" 

40" 

24" 

16" 

8"' 

In  ordinary  work  the  value  of  r  may  be  taken  as  30"  (see  p.  109). 
The  error  which  may  be  expected  in  the  sum  of  the  angles 
of  a  triangle  is  52",  or  about  a  minute.  For  a  four-sided  poly- 
gon the  table  gives  exactly  a  minute,  while  for  one  of  sixteen 
sides  it  is  two  minutes,  pf  course  these  values  are  not  ab- 
solute,— they  are  for  guidance  only.  In  selecting  the  value  of 
r  the  correlation  of  angular  and  linear  measurements  already 
discussed  should  be  kept  in  mind.  The  tendency  is  to  measure 
angles  with  unnecessary  accuracy,  and  to  neglect  important 
sources  of  error  in  linear  measurements. 


CHAPTER  XI 
BEARINGS  AND  AZIMUTHS 

Bearing  and  azimuth  mean  so  nearly  the  same  thing  in  surveying  that 
the  two  terms  are  often  confused.  Each  is  used  to  designate  the  angle 
which  a  line  makes  with  a  north  and  south  meridian,  but  there  is  an  im- 
portant distinction  as  to  how  this  angle  is  measured.  The  distinction  is 
made  clear  in  this  chapter,  as  is  also  the  distinction  between  forward  bear- 
ing and  back  bearing,  and  between  forward  azimuth  and  back  azimuth. 

For  the  method  of  calculating  the  bearing  of  one  line  from  the  bearing 
of  another  line  when  the  angle  between  the  two  is  known  see  chapter  on 
Calculation  of  Bearings,  Part  II.  For  properties  of  the  magnetic  needle 
consult  Part  III.  For  the  method  of  surveying  with  the  compass  see  the 
chapter  on  Compass  Surveying, 


153.  Magnetic  Declination.  In  Part  III  it  is  explained 
that — 

1.  Except  in  a  few  localities  the  magnetic  needle  does  not 
point  to*  the  true  north,  but  to  a  magnetic  north.  The  angle 
between  a  true  north-and-south  line  and  a  magnetic  north- 
and-south  line  as  observed  at  any  place  is  the  magnetic  decli- 
nation for  that  place. 

2.  The  magnetic  declination  differs  for  different  places,  and 
varies  slightly  from  year  to  year  in  the  same  place. 

3.  The  agonic  line  is  a  line  gassing  through  places  where  the 
declination  is  zelx).  In  the  United  States  it  passes  through  the 
central  part  of  South  Carolina,  Ohio,  and  Michigan. 

4.  For  places  ecLst  of  this  line  the  declination  is  west,  and  for 
places  v)e8t  of  it  the  declination  is  east.  This  fact  helps  the 
memory  in  deciding  whether  the  declination  for  any  place  is 
east  or  west. 

5.  Local  attraction  is  a  term  used  to  denote  any  influence 
which  prevents  the  needle  from  pointing  to  the  magnetic  north 
in  a  given  locality. 

154.  The  Bearing  of  a  Line.  If  a  north-and-south  line 
passes  through  one  end  of  a  given  line,  two  supplementary 
angles  are  formed;  the  smaller  of  these  two  angles  is  the  bearing 
of  the  given  line.    Bearings  are  always  mQ^av^ted  lxorcv^"ei  \vc>\>^ 

\\\ 
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Fig.  154. 


True  hearing. 


point  or  the  south  point  so  many  degrees  east  or  west,  never 

from   the  east  point  or  the  west  point*«) 
many  degrees  north  or  south. 

lUustration.  In  Fig.  154  the  four  possible  dlreo- 
tions  in  which  bearings  are  measured  are  indicated 
by  the  arrows.  Thus  the  bearing  of  CA  is  N.  30^ 
E.,  not  E.  60°  N. ;  of  CB.  S.  60°  E.,  not  E.  30°  S. :  of 
E  CD,  S.°  70°  W..  not  W.  20°  S. ;  of  CF,  N.  40°  W..  not 
W.  50°  N. 

B  By  definition  a  bearing  can  never  exceed 
90°.  For  example,  a  line  120®  from  north 
measured  clockwise  is  not  N.  120®  !E.,  but 
S.  60°  E. 

The  bearing  of  a  Une  with  respect  to  a  true 
north  and  south  meridian. 

Magnetic  hearing.  The  bearing  of  a  line  with  respect  to  a 
magnetic  north-and-south  meridian.  This  is  the  bearing  that 
is  read  from  a  compass  (unless  the  declination  arc  has  been 
turned  off),  and  differs  from  the  true  bearing  at  any  place 
by  the  amount  of  the  magnetic  declination  at  that  place. 

Question.  Why  will  the  true  bearing  of  a  line  change  if  the  line  is  pro* 
onged  far  enough  with  the  transit? 

155.  Forward  Bearing  and  Back  Bearing.  Every  line 
of  definite  length  has  two  bearings,  one  for  each  end  of  the  line. 
If  the  bearing  of  any  line  from  one  end  is  N.E.,  from  the  oth^ 
end  it  will  be  S.W.  and  vice  versa)  likewise  if  from  one  end  of 
a  line  the  bearing  is  N.W., 
from  the  other  end  it  must 
be  S.E.  This  is  an  import- 
ant distinction  because  it  in- 
dicates direction  northerly  or 
southerly.  Thus,  for  exam- 
ple, if  the  bearing  of  a  line 
AB  (Fig.  155)  is  given  indis- 
criminately as  either  S.  30°  E. 
or  N.  30°  W.,  one  cannot  tell 
whether  B  is  southeast  or 
northwest  of  A,  but  if  from 
Aio  B  {AB)  it  is  S.  30°  E.  Fio.  155. 

and  from  B  to  A  {BA)  it  is  N.  30°  W.,  all  doubt  is  removed. 
The  forward  hearing  of  a  line  is  the  bearing  in  the  direction 
m  y^hich  the  survey  is  being  run,  while  the  hack  hearing  is  th^^ 
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in  the  opposite  direction.      The   two  bearings  of  a  line   are 
numerically  equal  but  with  opposite  letters. 

0 

lUuttratxon.  In  Fig.  155,  if  the  survey  is  made  from  -A  to  B  to  C  to 
Dto  A,  the  bearings  as  given  on  the  figure  are  all  forward  bearings,  but  if 
the  survey  is  made  from  A  to  D  to  C  to  B  to  A,  the  bearings  as  given 
are  hack  bearings.  Assuming  the  stations  to  have  been  occupied  in  the 
order  ABCD,  the  bearing  of  AB  is  S.  30°  K.,  or  back  l>eariag  is  N.  30° 
W.;  BC  ifl  N.  60*»  E.,  or  back  bearing  is  S.  fiO°  W.;  CD  is  N.  45°  W.. 
or  back  bearing  is  S.  45°  E.;  DA  is  S.  50°  W.,  or  back  bearing  is  N.  50°  E. 

Note.  In  this  book  when  referring  to  the  l>earing  of  any  line,  that  end 
of  the  line  at  which  the  bearing  was  read  will  be  given  fir^t.  Thus  if 
the  bearina  of  a  line  AB  read  at  A  is  S.  30°  K.,  then  A/i  =  S.  30°  E. 
and  BA  -N.  30°  W.,  i.e.,  the  bearing  of  BA  i«  the  back  Ijearing  of  AB, 

156.  Reading  Bearings.  The  method  of  reading  the  needle 
in  a  compass  is  explained  on  page  102. 

157.  The  Bearings  Kept  in  a  Survey  are  usually  all  for- 
ward bearings.  It  will  not  do  to  record  forward  bearings  and 
back  bearings  indiscriminately.  While  it  is  true  that  one  can 
always  determine  from  the  needle  whether  the  forward  bearing 
is  N.  or  S.,  nevertheless  one  can  usually  do  this  without  con- 
sulting the  needle,  since  after  working  in  any  locality  a  short 
time  the  compass-points  are  well  fixed  in  mind. 

Note.  When  puzzled  in  the  field  as  to  whether  the  firKt  letter  or  bearing 
is  N.  or  S.,  imagine  yourself  walking  along  the  line  in  the  direction  in  which 
the  survey  ia  being  made,  and  note  whether  you  are  going  in  a  northerly  or 
southerly  direction;  if  the  Hue  should  hapijen  to  be  so  nearly  east  and 
west  that  you  cannot  tell,  then  ask  yourself  if  you  are  going  easterly  or 
westerlv.  If,  for  example,  you  know  that  the  l)earing  of  a  line  must  be 
either  N.E.  or  S.W.,  you  can  usually  determine  in  this  way  which  of  the 
two- is  the  forward  bearing. 

158.  Calculated  Bearing  is  the  bearing  of  one  line  found 
by  calculation  from  the  bearing  of  another  line,  taking  into 
account  the  horizontal  angle  formed  by  the  two  lines. 

Note.  The  way  in  which  calculated  bearings  are  used  in 
transit  surveying  is  explained  in  the  next  chapter.  The  method 
of  calculating  bearings  is  given  in  the  chapter  on  the  Calcula- 
tion of  Bearings,  Part  II. 

159.  Things  to  Remember  about  Bearings — Summary. 

1.  The  magnetic  bearing  differs  from  the  true  bearing  by  the 
amount  of  local  magnetic  declination. 

2.  Bearings  are  reckoned  from  either  the  north  or  the  south 
points,  never  from  the  east  or  west. 

3.  Every  bearing  must  be  given  by  two  letters.  The  first 
must  be  either  N.  or  S.,  the  second  either  E.  or  W.  The  omis- 
sion of  either  letter  renders  the  bearing  of  no  value. 

4.  No  bearing  is  over  90°. 
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5.  Every  line  has  two  bearings,  forward  and  back,  equal 
numerically  but  with  opposite  letters. 

6.  The  order  in  which  the  two  ends  of  a  line  are  given  should 
indicate  from  which  end  a  corresponding  bearing  is  taken. 

160.  The  Azimuth  of  a  Line  is  the  angle  which  that  line 
makes  with  a  north-andsouth  line  as  a  reference-line.  Azi- 
muths are  measured  clockwise  from  the  north  as  a  starting- 
point.  Azimuth  differs  from  hearing  in  that  it  is  measured  in 
one  direction  only  (clockwise)  and  from  but  one  point  of  the 
compass  (N.).  A  line  the  azimuth  of  which  is  anywhere  be- 
tween 0*' and  90°  is  in  the  N.E.  quadrant;  between  90**  and  180° 
in  the  S.E.  quadrant;  between  180°  and  270°  in  the  S.W.  quad- 
rant; between  270°  and  360°  in  the  N.W.  quadrant.  Thus  in 
speaking  of,  or  recording,  azimuths,  the  compass-points  N.,  E., 
S.,  and  W.,  are  not  used,  the  magnitvde  of  the  azimuth  alone 
indicating  the  direction  of  the  line — a  decided  advantage. 


IS 


(a)  Illustration.     A  transit  standing  at  T,  Fig.  160  (a), 
ointed  at  A.     The  angle  NT  A  measured  dockwiae  is 


Fig.  160  (a). 


310°,  and  if  NT  is  a  north-and-south  line,  the  azimuth  of 
TA  is  310°,  If  the  bearing  of  TA  is  required,  it  must  be 
from  the  azimuth,  360- 310  =  N.  50°  W. 

(6)  The  meaning  of  the  term  azimtUh  as  given 
above  is  a  restricted  one,  but  it  is  the  one  to  be 
everywhere  understood  in  this  book  unless  other- 
wise specified.  Many  surveyors  measure  azimuths 
from  the  south  as  a  starting-point,  in  which  case 
the  azimuth  of  TA,  Fig.  160  (a),  would  be  130°  instead  of  310°. 

Note.  The  chief  advantage  in  measuring  azimuths  from  the  north  in- 
stead of  from  the  south  lies  in  the  fact  that  by  so  doing  the  algebraic  signs 
will  accord  with  the  dbections  to  which  the  student  is  accustomed  in 
trigonometrical  computations.     (See  chapter  on  Latitudes  and  Departures.) 

(c)  A  general  definition  of  azimiUh,  The  angle  (measured 
clockwise)  which  a  line  makes  with  any  reference-hne.  For  ex- 
ample, in  Fig.  160  (c),  let  BC  be  any  Une  of  reference 
not  a  N .  and  S.  line.  The  azimuth  of  TA  with  respect 
to  BC  will  be  BTA  if  B  is  the  end  chosen  as  a 
starting-point,  or  CTA  if  C  is  the  end  from  which 
azimuths  are  reckoned.  For  example,  in  any  sur- 
vey the  first  transit  line  may  be  used  as  a  reference- 
line  for  all  the  other  transit  lines  if  so  desired. 
The  usual  method,  however,  is  to  assume  the  mag- 
netic north-and-south  line  as  a  reference-line,  so  that  the  azi- 
mutb  of  any  Une  can  be  checked  by  the  cpmpaaa-xiefedifc. 


Fig.  160  (c). 
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B<ick  azimuth.    Every  line  of  definite  length  has  two  azi- 
,   one   for  each   end   of   the   line, 
in  Fig.  160  (d),  if  the  azimuth  of 
taken  at  A  it  is  40®,  but  if  taken  at 

220**.  If  the  survey  is  being  made 
i  general  direction  from  A  to  B^ 
0®  is  the  azimuth  and  220®  the  back 
bh. 

back  azimuth  of  a  line  is  the  azi- 
of  that  line  measured  at  its  forward 
Since  azimuths  are  measured  always 

direction  (clockwise),  the  back  azimuth  is  always  equal 

azimuth  plus  18CP.    If  this  sum  is  more  than  360®,  sub- 
560®. 

.  Facts  to  Remember  about  Azimuths. 
Bearings  are  measured  from  either  N.  or  S.,  but  azimuths 
►m  N.  only  (or  from  S.  only). 

Bearings   are  measured  either   right    or  left,  while  azi- 
are  always  measured  to  the  right  (clockwise). 
Bearings  are  never  over  90®,  but  azimuths   are  from  0® 

o 

• 

In  recording  a  bearing,  two  letters  (compass-points)  are 
5d,  but  in  recording  azimuths  no  letters  are  used. 
The  back  azimuth  is  equal  to  the  forward  azimuth  plus 
nd  vice  versa. 

If  desired,  any  line  of  reference  may  be  used  in  place  of 
nd  S.  line,  but  the  magnetic  N.  and  S.  hne  is  usually  the 
3onvenient  because  of  the  check  afforded  by  the  needle. 
The  term  azimuth  does  away  with  all  ambiguity  as  to 
on,  but  since  custom  differs  it  should  be  plainly  stated 
notes  of  a  survey,  once  for  all,  whether  azimuths  are 
red  from  N.  or  from  S. 


CHAPTER  XII 
METHODS  OF  RUNNING  TRANSIT   LINES  AND  TRAVERSES 

In  this  chapter  four  mcthocis  of  running  transit  lines  are  explained.  The 
theory  of  each  method  is  eiven  without  entering  upon  the  practical  details 
of  the  field  work.  (See  Chapter  XIV  for  field  work.)  In  order  that  the 
different  methods  may  be  compared,  the  advantages  and  disadvantages  of 
each  method  are  stated. 


162.  Transit  Station.  The  point  over  which  the  transit 
stands  when  in  use.  (Usually  a  stake  with  a  tack  in  it  to  mark 
the  exact  point.) 

163.  Transit  Line.  An  imaginary  straight  line  between  two 
transit  stations. 

164.  Transit  Angle.  Any  angle  measured  with  a  transit.  It 
must,  from  the  way  in  which  the  transit  is  constructed,  be  either 
a  horizontal  angle  or  a  vertical  angle.  (See  chapter  on  The  Traiv- 
sUy  Part  III.)  Unless  otherwise  specified  it  is  usually  imder- 
stood  to  be  a  horizontal  angle. 

165.  The  Transit  Line  a  Line  of  Reference.  Transit  sta- 
tions are  so  chosen  by  the  surveyor  that  the  hnes  between  them 
may  be  used  as  reference-lines,  by  which  and  from  which  bound- 
aries, buildings,  streets,  or  whatever  he  may  wish  to  survey  are 
located.  Methods  of  locating  details  of  a  survey  such  as  these 
are  given  in  the  next  chapter. 

Transit  lines,  as  a  rule,  will  not  be  inked  in  on  the  finished 
map,  and  should  be  regarded  merely  as  a  means  to  an  end. 

166.  Running  Transit-lines.  A  term  for  estabhshing  tran- 
sit stations  and  locating  these  stations  with  respect  to  each 
other.  The  work  usually  consists  in  chaining  distances  between 
successive  transit  stations  and  in  measuring  the  angle  which 
each  transit  line  makes  with  some  other  transit  line,  or  with 
some  reference  meridian. 

Note.     The  field  work  of  a  survey  may  be  divided  into  two  pirts :  (1)  run- 
Zi'in/f  transit  lines,  and  (2)  locating  details  from  those  transit  Unes.     This 
chapter  has  to  do  with  the  first  part  only. 


TRAVERSES 


117 


167.  Transit-line  Angle.  The  horizontal  angle  between  any 
two  transit  lines  that  meet  at  a  transit  station.  It  may  be 
either  the  larger  or  smaller  angle  and  each  of  these  angles  may 
be  measured  clockwise  or  counter-clockwise;  in  practice,  there- 
fore, it  is  not  enough  to  note  the  value  of  an  angle,  htU  the  backsight 
and  direction  in  which  the  angle  is  measured  must  be  noted  also. 

TUustration.  In  Fig.  167  let  ^4,  T,  and  B  represent  the  correct  location  of 
three  transit  stations,  the  transit  standing  at  T»  Suppose  the  notes  give 
the  an^  ATB  as  45°  from  a  backsight  on 
At  but  it  is  not  stated  whether  the  angle  is 
measured  to  the  right  or  to  the  I^ft.  If  the 
draftsman  assumes  that  it  was  taicen  to  the 
left,  plotting  45°  he  will  get  a  line  TC  instead 
of  the  line  TB. 

Again,  suppose  that  the  notes  say  that  the 
angle  of  45°  was  taken  to  the  right,  but  it 
is  not  stated  whether  A  or  B  is  the  backsight. 
Should  the  draftsman  assume  that  B  was  tlic 
backsight,  plotting  45°  to  the  right  he  woul<l 
get  a  line  rZ)  instead  of  the  line  Ti^. 

The  notes,  therefore,  must  not  admit  of  ambiguity  in  respect  to 
the  backsight,  or  to  the  direction  (right  or  left)  %n  which  an  angle 
is  taken, 

168.  Deflection  Angle.  The  angle  which  a  line  makes  with 
a  transit  line  produced  from  the  preceding  station.  Deflection 
angles  are  measured  to  the  right  or  to  the  left,  hence  the  direc- 
tion should  always  be  entered  in  the  notes. 

lUuatration.  A  transit  stands  at  C,  Fig.  168; 
the  backsight  is  at  A ;  the  telescope  is  plunged 
after  backsighting,  and  then  points  at  E.  If 
turned  to  the  right,  any  deflection  angle,  as  BCD, 
may  be  measured  to  the  right;  if  turned  the 
other  way,  any  deflection  angle  to  the  left  may 
be  measured,  as  ECB.  When  deflection  angles 
are  used  at  all,  it  is  customary  to  measure  each 
deflection  angle  to  the  right  or  to  the  left,  accord- 
ing to  which  side  of  the  line  the  point  sighted 
at  lies. 

169.  A  System  of  Transit  Lines.  Two  or  more  transit 
lines  so  chosen  and  connected  as  to  form  the  basis  of  a  survey. 
The  transit  lines  are  connected  by  the  angles  which  they  make 
with  each  other  at  transit  stations.  The  distances  between  the 
stations  must  also  be  known. 


Fig.  168. 


lUustrtUion.  The  system  may  form  a  closed  polygon,  as  in  Figs.  A  and 
B,  or  a.  series  of  lines  which  do  not  close,  as  in  Figs.  C  and  D,  or  a  network 
of  lines,  as  in  Fig.  E,  p.  118, 

170.  Traverse.     A  term  almost  synonymous  with  a  system 
of  transit  lines^  but  somewhat  broader  awd  vtvot^  ^cyav^T^'tw.- 
sj've  In  Its  meaning.     For  example,  "Tuivmxv^  ^  VtaN^x^^"''  n^SJOcl 


118      METHODS  OF  RUNNING  TRANSIT  LINES 

a  transit,  a  compass,  or  a  plane  table  means  to  run  out  a  series 
of  connected  lines,  locating  the  stations  with  respect  to  each 
other  by  a  combination  of  hnear  and  angular  measurements. 
The  term  may  have  been  borrowed  from  navigation,  where  its 


Fig.D 
Fig.  169. 

nautical  meaning  is  the  zigzag  line  described  by  a  ship  when 
sailing  on  different  courses.  When  a  traverse  comes  back  to 
the  starting-point  it  is  a  closed  traverse, 

171.  Triangulation.  A  network  of  connected  triangles,  in 
which  the  angles  are  measured,  but  not  the  sides.  The  latter 
are  found  by  trigonometrical  calculation,  starting  from  some 
measured  base-line.  (See  Chapter  XVI.)  The  distinction  be- 
tween traverse  and  triangulation  lies  in  the  fact  that  the  latter 
term  implies  the  measurement  of  angles  only. 

172.  The  Transit-line  Angles — Right  or  Left.  Angles  may 
be  measured  all  to  the  right  from  a  backsight  on  the  preced- 
ing station,  as  in  Figs.  A,  B,  and  D,  or  all  to  the  left,  as  in 
two  of  the  polygons  in  Fig.  E,  or  right  and  left  indiscrimi- 
nately, as  in  Fig.  C,  (In  Fig.  169  the  direction  in  which  the 
angles  were  measured  is  indicated  by  arrows;  i^  in  a  polygon 
means  that  all  angles  in  that  polygon  were  measured  to  the 
right;  L  means  that  all  angles  were  measured  to  the  left.)  For 
beginners,  at  least,  it  is  better  to  measure  all  angles  to  the  right. 

173.  Transit-line  Angles — Interior  and  Exterior.  It  is 
usually  more  convenient,  but  by  no  means  necessary,  to- measure 
the  interior  angles  of  a  polygon  instead  of  the  exterior.  To 
do  this  when  all  angles  are  measured  to  the  right,  go  around 
the  polygon  counter-clockwise  (leave  the  polygon  on  the  left), 
as  in  Fig.  A,  The  other  direction  (Fig  B)  gives  the  exterior 
angles. 

174.  A  Survey  Closes  when  the  transit  lines  form  a  closed 
polygon,  as  in  Figs.  A,  B,  and  E,    In  farm  and  city  surveys 
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transit  lines  usually  close,  but  in  railway  or  highway  work  they 
seldom  do. 

175.  Closing  Check  on  Transit-line  Angles.  From  twice 
the  number  of  sides  of  a  polygon  subtract  four,  and  multiply 
the  result  by  90®.  The  final  result  is  the  sum  of  the  interior 
angles. 

lUustration,  Triangle:  (2X3-4)X90°  =  180°.  Four-sided:  (2X4-4) 
X90*'  =  360°.  Five-sided:  (2  X  5  -  4)  X  90°  =  540°.  Six-sided:  (2X6-4) 
X 90°  =  720°.  Algebraically:  IJF  iV  =  number  of  sides,  <S  =  sum  of  the 
interior  angles,  then  /S  =  (2]v-4)X90°. 

176.  The  Error  of  Closure — Transit  Lines.  In  any  poly- 
gon of  transit  lines  the  location  of  each  station  with  respect  to 
any  other  station  can  be  calculated  from  the  angles  and  dis- 
tances measured  in  the  field.  If  the  position  of  any  station  is 
assumed  as  a  starting-point,  and  then  following  around  the 
polygon,  the  position  of  this  same  station  is  found  by  calcula- 
tion; the  difference  between  the  assumed  position  and  the  cal- 
culated position  is  the  error  of  closure.  This  error  may  be  due 
to:  (1)  errors  in  measuring  transit-line  angles;  (2)  errors  in 
measuring  the  lengths  of  transit-lines.  In  practice  a  survey 
seldom  closes  exactly,  due  to  error  from  both  sources.  The 
p>emiissible  error  of  closure  is  treated  in  Chapter  XIV  on  Field 
Work, 

177.  The  Methods  of  Running  Transit  Lines  most  used 
differ  only  in  the  method  of  measuring  and  recording  the  tran- 
sit-line angles;  the  methods  for  linear  measurements  are  the 
same,  i.e.,  chaining  or  measuring  with  the  stadia.  The  four 
methods  given  in  the  succeeding  articles  of  this  chapter  may 
be  divided  into  two  groups: 

J  f  Running  transit  lines  by  direct  angles. 
I  Running  transit  lines  by  deflection  angles, 

J  J.  (  Running  transit  lines  by  azimuths. 
I  Running  transit  lines  by  bearings. 

In  the  first  group  the  angles  measured  are  those  which  the 
transit  lines  make  with  each  other. 

In  the  second  group  some  line  of  reference,  for  example, 
a  north-and-south  line)  is  established  for  the  entire  survey,  and 
the  angles  measured  are  those  which  the  different  lines  make 
with  lines  parallel  to  this  line  of  refetQnce, 
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FIRST   METHOD. 

178.  Running  Transit  Lines  by  Angles.      This  method 
consists  simply  in  measuring  each  angle  directly  from  a  back- 
sight on  a  preceding  station.     If  desired, 
the  angle  can  be  doubled,  tripled,  or  le- 
peated    any    number    of    times.       The 
lengths  of  the  sides  may  be  measured 
with  a  chain,  a  tape,  or  the  stadia.     The 
method  may  be  used  whether  the  tran- 
■j74j    "^^        sit  hnes  form  a  closed  polygon  or  not. 
Fig.  178.  On  the  whole  it  is  better  in  this  method 

to  take  all  angles  clockwise. 

IttuafyraHon.  In  Fig.  178  each  interior  angle  was  measured  to  the  right 
(clockwise)  from  a  backsigot  on  the  preceding  station.  If  more  conven- 
ient, the  exterior  angles  could  have  been  measured.     (Art.  173.) 

Field  Notes.  Some  of  the  forms  of  field  notes  used  for  this  method  are 
given  in  Chapter  XV. 

Remark.  Triangulation  is  a  special  case  of  the  angle  method  of  running 
transit  Unes, 

SECOND   METHOD. 

.179.  Running  Transit  Lines  by  Deflection  Angles.     A 

modification  of  the  angle  method  especially  applicable  to  tran- 
sit lines  which  do  not  close,  but  progress  more  or  less  in  one 
general  direction.  Instead  of  measuring  the  angle  directly  from 
the  backsight,  the  telescope  is  plunged  and  the  deflection  angle 
(see  Art.  168)  is  then  measured  right  or  left.     (Fig.  179.) 


Fig.  179. 

Field  Notes.     Some  of  the  forms  of  field  notes  used  for  re- 
cording deflection  angles  are  given  in  Chapter  XV. 

THIRD    METHOD. 

180.  Running  Transit  Lines  by  Azimuths.*    It  will  be 
assumed  in  this  explanation  that  the  azimuth  of  each  line  is 

*  In  most  books  on  surveying  this  melt  hod  is  called  traversing.     As  usually 

de£ned  this  term  incixxdes  not  only  the  «izimuth  method,  but  the  quadrant 

tnetbod  also.    Moreover,  fhe  term  traversing  (or  tTaveta©  auTv^vvtv^^  Qt 
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measured  from  the  north  end  of  a  magnetic  north-and-south 
line.  The  method  holds  good,  however,  no  matter  what  line 
is  chosen  as  a  reference-line.  Keep  clearly  in  mind  what  is 
meant  by  azimuth  and  hack  azimuth.  (See  Arts.  160-161,  pp. 
114-115.) 

(a)  In  the  azimuth  method  the  main  thing  to  remember  is 
simply  this:  At  whatever  station  the  transit  may  stand,  when 
the  telescope  is  pointed  north  the  vernier  reading  must  be  zero. 
This  is  not  accomplished  by  the  use  of  the  compass-needle 
except  at  the  first  set-up;  on  the  contrary,  the  needle  is  con- 
sulted only  as  a  rough  check  at  all  stations  except  the  first. 

There  are  two  azimuth  methods.  In  one  the  telescope  is 
inverted  when  taking  a  backsight,  and  is  normal  when  taking  a 
foresight;  in  the  other  method  the  telescope  is  always  normal. 
The  essential  difference  between  the  two  is  that  in  the  first 
method  no  setting  of  the  vernier  is  required  after  the  first  set- 
up, while  in  the  second  method  the  vernier  is  set  anew  at  each 
station. 

(6)  First  Method.  Let  the  first  set-up  of  the  transit  be  at 
station  A  (Fig.  180  (6)).  With  plates  clamped  at  zero,  point 
the  telescope  to  the  magnetic  north  as  indicated  by  the  needle. 
This  is  equivalent  to  backsighting  on  the 
magnetic  north,  but  this  first  station  is  the 
only  one  at  which  the  needle  is  consulted 
except  as  a  check.  Set  the  lower  clamp  as 
usual  for  a  backsight,  and  loosening  the 
upper  clamp,  sight  on  B.  Suppose  the 
vernier  now  reads  50°,  then  this  angle, 
taken  clockwise  from  the  magnetic  north, 
must  be  the  azimuth  of  AB.  Allow  the  ver- 
nier to  remain  clamped  at  50°.  Setting  up 
at  B,  plunge  the  telescope  and  backsight 
on  A.  Having  backsighted,  plunge  the 
telescope  again;  it  now  becomes  normal  and  points  in  the  direc- 
tion of  AB  proditced  along  the  line  BP.  If  the  azimuth  of  AB 
is  50®,  the  azimuth  of  BP  must  also  be  50°,  and  since  the  ver- 


Fio.  180  (6). 


nmniiig  a  traverse)  is  used  by  many  surveyors  to  indicate  any  one  of  the 
four  methods  of  running  comparatively  short  lines  where  angles  and  dis- 
tances are  both  measured,  contrasted,  for  example,  with  triangulation. 
This  accords  with  the  definition  of  traverse  as  given  on  page  117.  To  avoid 
all  ambijpiity,  however,  the  method  explained  in  Ajc\,.  1%^  \*■\^JL\><i  <i'aJ^^^ 
tlte  etzimtUh  meihod. 
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nier  has  not  been  disturbed,  it  reads  50°  just  as  it  did  wbeD 
the  transit  stood  at  A  and  the  telescope  pointed  at  B.  If  now 
the  telescope  is  pointed  north,  the  vernier  reading  will  be  zero, 
and  if  it  is  pointed  to  any  other  station,  the  vernier  reading  will 
be  the  azimutk  of  the  line  from  station  B  to  that  station. 

(c)  muttnUi-m.  (Fie.  180  (b).)  Set  up  the  trsnnt  st  A.  sod  backsight 
on  tbe  magnelte  north  with  the  vernier  at  tero.  ForeBigbt  ou  B.  the  ver- 
nier reading  will  be  50*.  or  the  aiimulh  of  AB.  Without  disturbing  the 
vernier  set  up  at  B.  baduight  on  A  with  inHrrtcd  leleacops,  plunge  tile  fele- 
Kopt  (it  now  beioniBS  normal  agHia,  tbe  vernier  still  reading  50°),  and 
lorenight  on  C.  The  vernier  wiU  read  190°,  or  the  azimvtA  otBC.  Allow 
the  vemier  to  remain  cUmped  at  190.  sel-up  at  C.  inven  the  teleseope, 
baelcsitht  on  B,  plunte  the  lelestope  and  sight  on  the  next  sUtion.  Thua 
the  nroceas  can  be  repeated  tor  any  number  of  stationa. 

fiole.     Usually  ihere  aie  aiimuths  to  all\tr  fxrinU  beside  tiansit  ata- 

1«iving  B  station  must  be  on  tbe  next  station,  thus  automatiraSv  settins 

(d)  Secortd  Method.  In  this  method  the  telescope  is  not  in- 
verted for  the  backsight,  but  instead  the  vernier  is  set  anew  at 

D  that  its  reading  wiU  be  the  azimuih  of  the  back- 
sight. The  azimtUk  of  the  backsight  is  equal 
to  the  hack  azimuth  of  the  foresight  as  taken 
at  the  preceding  station,  i.e.,  add  180°  to  the 
azimuth  already  recorded.  For  example,  if 
'  the  transit  stands  at  B  (Pig.  180  (d),  before 
backsighting  an  A  the  vernier  is  set  so  that 
the  reading  is  the  back  azimuth  of  AS,  or  230° 
(obtained  by  adding  180"  to  50°).  It,  there- 
fore, the  vernier  is  set  at  230°  and  a  back- 
eight  taken  to  A,  upon  turning  back  to  lero 
Fee.  180(d).  .=   ,  ,  .,        ,   .         .,"  „  ., 

the  telescope  will  point  north.     Moreover,  if 

a  foresight  is  taken  to  any  other  point,  aa  C,  the  reading  of  the 
vernier  will  be  the  azimuth  of  the  line  from  the  transit  to  that 
point,  or  (he  azimuth  of  BC 

ISutiralian.  In  Fig.  ISO  <d)  ihe  transit  is  set  up  at  A  and  the  anmuth 
oi  AB  obtained  exBctly  as  in  the  firat  metboti.  Set  up  at  B.  set  the  ver- 
nier at  230°  (SC  +  ISO"),  baeksiiht  on  A.  foresight  on  C  tbe  new  reading 
wiU  be  190°,  or  the  aiimmh  of  BC.  Set  up  at  cTset  the  vernier  at  100°+ 
180°  (i*,,  10°),  backsight  on  B  and  foresight  on  the  next  sUtion.  ThOB 
the  process  is  repealed  at  each  succeeding  atation,     Tbe  telescope  is  always 

181.  Outline  of  the  Two  Azimuth  Methods. 
In  both  methods  the  azimuth  of  the  first  transit  line  is  estab- 
lished in  exactly  the  same  manner  by  the  use  of  the  magnetic 
ae»He.      There  are  two  other  ways  of  getting  this  first  azimuth 
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(explained  in  Arts.  185  and  186),  which  can  be  used  with  either 
method.  The  difference  between  the  two  methods  of  travers- 
ing is  simply  one  in  orienting  the  transit.     (Art.  187.) 


First  Method 

1.  Vernier  is  left  clamped  at 

the    forward    azimuth   of 
the  preceding  line. 

2.  Telescoj>e  is  inverted  before 

backsighting. 

3.  Telescope  is  plunged   after 

backsighting. 


Second  Method 

1.  Vernier  is  reset  at  the  for- 

ward azimuth  of  the  pre- 
ceding line  plus  180°. 

2.  Telescope    remains    normal 

when  backsighting. 

3.  Foresight  is  taken  without 

plunging. 


In  both  methods  the  azimuth  can  be  read  directly  from  the 
vernier,  whether  in  turning  off  the  angle  the  telescope  is  moved 
to  the  right  or  to  the  left.  Transits  should  be  graduated  from  0° 
to  360°,  preferably  in  one  direction  only,  to  correspond  to  angles 
taken  to  the  right,  or  clockwise. 

Field  Notes.  Sonje  of  the  forms  of  field  notes  used  for  the 
azimuth  method  are  given  in  Chapter  XV. 

182.  When  Azimuths  and  Magnetic  Bearings  Disagree. 
The  back  bearing  of  the  first  line  should  be  read  at  the  second 
station.  If  it  agrees  with  the  forward  bearing  as  taken  at  the 
first  station,  it  may  be  assumed  that  there  is  no  local  attrac- 
tion at  either  place.  If  the  two  bearings  disagree,  it  is  necessary, 
before  proceeding  with  the  survey,  to  establish  some  transit 
line  the  back  bearing  of  which  agrees  with  its  forward  bearing. 
Having  done  this,  a  new  start  may  be  made  from  either  end 
of  the  line,  since  in  all  probability  the  azimuth  of  the  line  taken 
at  either  end  will  be  correct.  Thereafter  should  the  azimuth 
of  any  transit  line  disagree  with  the  magnetic  bearing  and  no 
mistake  be  found  in  the  azimuth,  local  attraction  may  be  as- 
sumed as  the  cause.  It  often  happens  that  such  a  disagree- 
ment will  occur  for  several  successive  transit  lines,  but  should 
bearings  and  azimuths  continue  to  differ  by  about  the  same 
amount  the  original  azimuth  upon  which  all  others  depend  is 
probably  incorrect.  If  the  magnetic  needle  is  to  be  used  as  a 
check  throughout  the  survey,  it  is  obviously  important  that 
the  original  azimuth  should  be  as  nearly  correct  as  possible. 
Herein  lies  the  advantage  of  starting  from  a  true  north-and- 
south  meridian  established  by  observation,  and  in  extended 
surveys  this  is  often  the  method  used.     (See  Art.  185.1 
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183.  Comparison  of  the  Two  Azimuth  Methods. 

The  first  method  has  no  disadvantages  as  compared  with  the 
second  method  except  such  as  arise  from  plunging  the  tele- 
scope. If,  for  example,  the  line  of  collimation  is  badly  out 
of  adjustment,  an  error  is  introduced  each  time  the  telescope 
is  reversed.  The  advantage  of  this  method  over  every  other 
method  of  running  transit  hnes  is  that  after  the  first  set-up  it 
is  not  necessary  (or  desirable)  to  set  the  vernier,  since  the  fore- 
sight on  each  station  automatically  sets  the  vernier  for  that 
station.  Thus  the  error  which  is  so  aj5t  to  occur  in  setting  the 
vernier  is  ehminated.     (For  disadvantages  see  Art.  190,  III.) 

The  second  method  is  used  when  for  any  reason  it  is  not  best 
to  plunge  the  telescope,  or  when,  as  on  the  theodolite,  the  tele- 
scope cannot  be  plunged.  A  disadvantage  as  compared  with 
the  first  method  is  that  the  vernier  must  be  set  anew  at  each 
station. 

184.  Checking  Azimuths  by  the  Magnetic  Needle. 
Any  azimuth  may  be  easily  reduced  to  a  bearing.  (See  chapter 
on  Calculation  of  Bearings,  Part  II.)  If,  therefore,  the  magnetic 
north-and-south  line  is  taken  as  the  reference-line  for  a  survey, 
the  azimuth  of  any  line  may  be  roughly  checked  by  glancing 
at  the  needle  while  the  telescope  is  still  pointing  along  the  line 
and  mentally  noting  whether  or  not  the  azimuth  and  bearing 
agree. 

185.  A  True  North-and-south  Line  as  a  Reference  Me- 
ridian is  often  used  in  place  of  a  magnetic  north-and-south 
line.  In  that  case  the  azimuths  are  more  readily  checked  by 
the  needle  if  the  compass-box  is  adjusted  so  that  when  the 
telescope  is  pointed  to  the  true  north  the  needle  will  point  to 
the  N.  of  the  compass-box.  If  the  declination  is  known,  this 
may  be  accomplished  by  turning  off  the  declination  arc,  using 
the  vernier  inside  the  compass-box;  otherwise  a  true  meridian 
must  be  established  by  an  observation  on  the  North  Star  or  by 
some  other  method. 

Notice  that  after  the  declination  arc  is  turned  off  the  N.  of  the  compass- 
box  is  no  longer  exactly  underneath  the  axis  of  the  telescope.  In  many 
transits  no  provision  is  made  for  turning  off  the  decUnation  arc. 

The  advantage  of  starting  from  a  true  meridian  established  by  observa- 
tion is  explained  in  Art.  182.  In  ordinary  surveys  of  small  extent,  how- 
ever, there  is  usually  no  time  for  establishing  such  a  meridian, 

186.  Any  Reference  Meridian  may  l>e  Used  instead  of  a 
north-and-south  line,  provided  no  use  is  to  be  made  of  hearings. 

For  example,  the  line  between  the  first  two  stations  may  be 
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assumed  as  a  reference  meridian  (zero  azimuth);  the  azimuth 
of  each  transit  line  Is  then  reckoned  from  a  line  parallel  to  the 
first  transit  line.  (In  that  case  the  meaning  of  azimuth  is  that 
given  in  Art.  160  (c),  p.  1 14.) 

In  this  method  the  transit  lines  are  all  located  vrith  respect 
to  each  otfier,  which  is  often  all  that  is  necessary,  but  the  needle 
cannot  easily  be  used  for  checking  azimuths,  and  this  is  a  dis- 
advantage. 

187.  Orienting  the  Transit.  In  running  lines  by  azimuths, 
the  first  step  after  setting  up  the  transit  at  any  station  is  to 
get  the  g^raduated  plate  into  such  a  position  that  when  the  ver- 
nier reading  is  zero  the  line  of  sight  will  be  parallel  to  the  reference 
meridian.     This  is  called  orienting  the  transit. 

lUustnUion.  If  the  reference  meridian  is  a  north-and-south  line,  orienting 
the  transit  results  in  the  telescope  pointing  north  (when  the  vernier  reading 
ia  aero  and  the  telescope  is  normal).  In  the  first  method  this  is  accom- 
plished by  backsighting  with  inverted  telescope  and  then  plunging;  in  the 
second  method  by  setting  the  vernier  at  the  back  azimuth  and  backsighting. 


FOURTH  METHOD. 

188.  Running  Transit  Lines  by  Bearings.  This  method 
is  essentially  the  same  as  the  azimuth  method  except  that 
hearings  instead  of  azimuths  are  read  directly  from  the  transit. 
For  this  purpose  the  graduations  on  the  limb  should  be  num- 
bered from  0°  to  90°  to  correspond  to  quadrants  of  bearing  in 
the  compass.     (See  page  75.) 

When  the  plates  ans^eft  clamped  at  the  forward  bearing  of  a 
transit  line,  the  transit  is  oriented  at  the  next  station  by  back- 
sighting  with  inverted  telescope  and  then  plunging;  otherwise 
it  is  oriented  by  setting  the  vernier  at  the  back  bearing  and 
then  backsighting.  (The  two  methods  of  orienting  correspond 
to  those  used  for  azimuths.) 

Either  a  true  north-and-south  line  or  a  magnetic  north-and- 
south  line  may  be  taken  as  a  reference  meridian.  If  the  former 
is  used,  it  is  convenient  to  turn  off  the  declination  arc  (see  Art. 
185)  so  that  bearings  read  from  the  limb  may  be  chocked  by 
the  needle  without  thinking  of  the  magnetic  declination. 

Note.  The  two  zeroes  on  the  limb  (180°  apart)  may  be  called  the  north 
zero  and  the  south  zero;  the  one  xcith  which  the  zero  of  the  vernier  coincides 
token  the  telescopy  points  north  (the  transit  having  been  oriented)  is  the  north 
zero.  (Why,  in  most  cases,  will  this  zero  really  be  nearer  'he  south  end  of 
a  telescope  pointed  north?) 
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lUuBtraiion.  In  Fi^.  180  {d),  if  the  transit  is  oriented  at  Sta.  B  and  is 
then  pointed  to  Sta.  C,  the  vernier  reading  will  be  10®,  and  since  the  vernier 
zero  is  to  the  left  of  the  S,  zero  on  the  limb,  the  bearing  of  BC  is  S.  10®  W. 
(Draw  a  sketch  showing  the  relative  position  of  the  telescope,  the  N.  and 
S.  zeroes  on  the  limb,  and  the  vernier  zero.     (See  page  102.) 

Caution.  In  reading  bearings,  it  is  evident  that  an  error  of  180**  will  be 
introduced  by  mistaking  the  north  zero  for  the  south  zero  or  vice  versa. 
Thus  in  the  illustration  a  common  mistake  would  be  to  read  N.  10**  £. 
instead  of  S.  10°  W. 

Note.  Precautions  should  be  taken  to  eliminate  error  due  to  local  attrac- 
tion in  the  bearing  of  the  first  line.     (See  Art.  182.) 

A  true  north-and-south  line  may  be  established  by  observation  if  desired, 
and  used  as  a  reference  meridian  for  bearings. 

Field  Notes  for  this  method  are  similar  to  those  used  with 
azimuths,  except  that  care  must  be  taken  to  designate  in  which 
quadrant  of  bearing  each  line  lies,  i.e.,  to  give  its  forward  bear- 
ing. 

189.  Running  Transit  Lines  by  Angles  and  Calculated 
Bearings.  This  can  hardly  be  called  a  separate  method. 
Transit  lines  are  rim  exactly  as  in  Method  I  or  Method  II,  but 
in  addition  the  bearing  of  each  line  is  calculated  instead  of 
being  read  directly  from  the  transit  as  in  Method  IV.  The 
bearing  of  the  first  transit  line  is  obtained  from  the  needle,  the 
angle  which  that  hne  makes  with  the  second  transit  line  is 
measured,  and  the  calculated  bearing  of  the  second  line  found 
by  the  method  explained  in  the  chapter  on  Calculation  of  Bear- 
ingSj  Part  II.  Thereafter  the  bearing  of  each  transit  line  is 
computed  from  the  calculated  (not  the  magnetic)  bearing  of 
the  preceding  transit  line,  and  is  entirely  independent  of  the 
magnetic  bearing.  Since,  however,  the  first  bearing  calculated 
(i.e.,  the  calculated  bearing  of  the  second  transit  line)  was  ob- 
tained from  the  magnetic  bearing  of  the  first-  transit  line,  all 
other  calculated  bearings  should  agree  approximately  with  the 
corresponding  magnetic  bearings,  and  hence  any  large  error  in 
a  transit-hne  angle  may  be  detected.  The  check  thus  afforded 
is  a  valuable  one,  especially  in  running  the  transit  lines  of  a 
survey  which  does  not  close,  provided,  of  course,  that  the  needle 
is  not  continually  affected  by  local  attraction. 

Remark.  If  the  cause  of  local  attraction  is  not  about  the  person  of  the 
observer,  but  remains  stationary,  an  angle  can  still  be  checked  by  the  needle 
provided  two  readings  are  taken  at  the  station  where  the  transit  stands, 
one.  the  back  bearing  of  the  preceding  line,  the  other  the  forward  bearing 
of  the  line  ahead. 

Note.     Precautions  to  eliminate  errors  due  to  local  attraction  should  be 

taken  in  assuming  the  bearing  of  the  first  line  in  order  to  use  the  needle 

throughout  the  survev  as  a  rough  check. 

(a J  /l/usirattan.     The  bearing  of  AB,  Fig.  189  (a),  as  read  at  A  is  N.  20* 

E.     The  back  bearing,  read  at  B,  is  S.  20°  W .  •,  hence  ^  .2iQP  ¥..  \a  «.-&%\sxaa<\. 
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as  correct.     The  angles  at  B,  C,  and  D  are  indicated  on  the  figure.     The 
calculated  bearings  of  the  different  lines  are 
also  indicated. 

Using  the  method  explained  in  Part  II  the 
calculation  is  as  follows:  /  \^  P 

AB  =  N.  20*»E.+  (S.W.)  ,  ..     " 


BC-S.  40*»E.- 
BCD'=      30*»      - 


C7D  =  S.  70*»E.-  (N.W.) 
CDE^'     100        + 


DE=N.  30    E.+ 


Fig.  189  (a). 


Notice  that  since  the  angle  BCD  — 30°  is  a  deflection  angle,  the  forward 
bearing  of  BC  is  used  instead  of  the  back  bearing,  i.e.,  the  Tetters  S.E.  are 
not  changed  to  N.W.  before  adding  30°  algebraically. 

For  other  examples  of  the  calculation  of  bearings  see  the  chapter  on 
Calculation  of  Bearings,  Part  II. 

Note.     In  extended  surveys  a  true  north-and-south  line  is  often  estab- 
lished by  observation,  and  the  bearing  of  the  first  transit  hne  is  then  cal-  • 
ciUated  from  the  angle  which  it  makes  with    the  line    thus  established. 
See,  for  example,  line  yV  in  the  sketch  of  transit  lines  (p.  390). 

(6)  Check  for  a  closed  polygon.  The  bearing  of  the  first  line 
assumed  from  the  needle  reading  is  sometimes  called  a  calcu- 
lated bearing,  and  hence  it  may  be  said  that  the  calculated 
and  magnetic  bearings  are  exactly  the  same  for  the  first  line, 
although  this  is  not  likely  to  be  true  of  other  hnes.  If  the 
transit  lines  form  a  closed  polygon,  a  second  calculated  bearing 
may  be  obtained  for  the  first  line  from  the  calculated  bearing 
of  the  last  side  and  the  closing  angle.  The  discrepancy  between 
the  assumed  bearing  of  the  first  line  and  the  final  calculated 
bearing  as  thus  obtained  is  equal  to  the  total  error  in  the  sum  of 
the  interior  angles,  as  found  by  the  check  of  Art.  175,  p.  119. 

Illustration.  The  assiuned  bearing  of  the  first  side  of  a  triangle  is  N.  30°  E. 
The  calculate  bearing  of  the  same  side  found  by  following  around  the  tri- 
angle is  N.  30**  1'  E.  This  indicates  that  there  is  an  error  of  1'  in  the  siun  of 
the  interior  angles.  In  a  similar  way  the  sum  of  the  interior  angles  of  any 
polygon  may  be  checked  no  matter  how  many  sides  it  has. 

Field  Notes.  Some  of  the  forms  of  field  notes  used  with  this 
method  will  be  found  in  Chapter  XV. 

190.  Methods    of    Running    Transit    Lines    Compared. 

Use  the  method  best  adapted  to  the  work  in  hand.  There  is 
not  much  difference  between  the  methods  in  the  time  required 
for  field  work. 

I.  Method  by  Direct  Angles.  Used  in  all  kinds  of  work^ 
but  especially  in  small  surveys  where  there  are  but  few  transit 
lines  and  where  the  survey  closes. 

Advantages,     (1)  Angles  at  any  station  may  be  measured  by 
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repetition  or  by  series,  a  decided  advantage  in  accurate  work. 

(2)  Stations  may  be  occupied  in  any  order.  (3)  The  angle  at 
one  station  is  not  affected  by  the  angle  measured  at  a  pre- 
ceding station. 

Disadvantages.  (1)  Angles  in  order  to  be  checked  by  the 
needle  must  be  reduced  to  calculated  bearings.  (2)  A  distinc- 
tion must  be  made  in  the  field  notes  between  right  and  left 
angles  unless  all  angles  are  taken  in  one  direction  (clockwise). 

(3)  It  must  be  made  plain  in  the  field  notes  which  station  was 
used  as  a  backsight  for  each  angle.  (4)  The  vernier  must  be 
set  anew  at  each  station. 

II.  Method  by  Deflection  Angles.  Used  chiefly  in  rail- 
way and  highway  work, — adapted  to  surveys  in  which  each 

•transit  line  makes  a  small  angle  (Less  than  90**)  with  the  pre- 
ceding transit  line  produced.     Used  in  running  in  curves. 

Advantages  and  disadvantages  are  practically  the  same  as  for 
the  preceding  method.  Railroad  curves  are  usually  laid  out  by 
means  of  deflection  angles  and  hence  the  method  is  used  in 
nearly  all  railroad  surveying.  For  other  kinds  of  work,  how- 
ever, the  advantages  of  the  method  are  often  overestimated. 
(1)  Unless  each  angle  is  doubled  it  involves  practically  eveiy 
error  in  the  adjustment  of  the  transit,  especially  the  error 
caused  by  plunging  the  telescope  when  the  line  of  sight  is  not 
perpendicular  to  the  supporting  axis;  in  the  preceding  method 
this  error  is  not  involved.  (2)  It  is  necessary  to  take  angles 
right  or  left,  a  common  source  of  mistakes  in  note-keeping, 
while  in  the  preceding  method  this  can  be  avoided  by  taking 
all  angles  clockwise.  Deflection  angles  never  exceed  180°,  and 
this  is  of  some  advantage  in  plotting,  but  even  this  advantage 
is  very  slight,  and  it  is  always  doubtful  policy  to  save  office 
work  at  the  expense  of  field  work. 

III.  Running  Tr.\nsit  Lines  by  Azimuths.  Almost  always 
used  in  stadia  surveying  and  for  certain  forms  of  topographic 
work.  It  can  often  be  used  to  advantage  in  railway  and  high- 
way work.  The  method  is  a  valuable  one  and  should  be  used, 
perhaps,  even  more  than  it  is. 

Advantages.     (1)  The  needle  is  a  constant  check  on  the  azi- 
muth of  each  line.     (2)  The  method  avoids  nearly  all  the  dis- 
advantages given  for  the  two  preceding  methods,  i.e.,  it  is  not 
necessary  to  enter  the  backsight  in  the  field  notes,  or  to  make 
a  distinction,  between  right  and  left  angles  or  lo  b^\,  l\i«&  x^xiiisc 
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anew  at  eath  station.  (3)  The  aximuth  gires  the  bearing 
without  using  the  letters  that  correspond  to  the  compass- 
points.  (4)  Field  notes  are  usually  simple,  definite,  and  easilff 
plotted, 

Disadvantagts.  (1)  The  method  does  not  lend  itself  readily 
to  measuring  angles  by  repetition  or  by  series.  (2)  Each  sta* 
tion  must  be  occupied  in  order  without  skipping  any.  This  may 
be  a  serious  disadvantage  if  for  any  reason  it  is  impossible  or 
andesirable  to  set  up  over  a  transit  station  at  any  given  time. 
(3)  A  mistake  in  the  aximuth  of  one  line  affects  the  azimuths 
of  all  succeeding  lines.  This  does  not  mean,  however,  that  all 
the  woik  is  lost,  for  the  azimuth  of  each  succeeding  line  is 
affected  by  the  same  amount,  and  though  these  succeeding  hnes 
axe  all  wrong  with  respect  to  the  reference  meridian  of  the  suN 
yrejt  they  may  still  be  correctly  located  with  respect  to  each 
other.  If  the  mistake  is  discovered,  the  notes  are  easily  changed 
by  applying  the  correction  to  each  succeeding  line,  though  if 
there  are  many  side  shots  this  may  cause  considerable  extra 
work.  (4)  If  local  attraction  exists  for  any  considerable  num- 
ber of  stations,  the  advantages  of  checking  azimuths  by  the 
needle  is  lost.  (5)  In  the  first  method  of  running  azimuths, 
plunging  the  telescope  involves  the  same  error  in  the  adjust- 
ment of  the  line  of  sight  that  is  involved  in  the  deflection-angle 
method. 

IV.  Running  Transit  Lines  by  Bearings.  This  method, 
probably  a  survival  of  the  compass-survey  method,  is  little 
used  at  present. 

Advantages,  It  has  no  advantage  over  the  preceding  method 
except,  possibly,  a  slight  advantage  in  checking  lines  by  the 
needle,  while  it  has  all  its  disadvantages  and  in  addition:  (1)  A 
vpGC^al  numbering  of  the  graduations  on  the  limb  (0**  to  90°)  is 
called  for;  (2)  Likelihood  of  mistaking  the  north  zero  for  the 
south  *ero,  or  vice  versa;  (3)  Letters  corresponding  to  com- 
pass-points must  be  used. 

V.  Calculated  Bearings  when  used  in  connection  with 
either  of  the  first  two  methods  serve  as  an  excellent  check  on 
the  transitJine  angles,  pro^nded  local  attraction  does  not  exist. 
While  mistakes  of  less  than  15  minutes  are  not  detected  bv  the 
use  of  the  needle,  nevertheless  in  a  survey  which  does  not 
close  there  is  no  other  check  unless  angles  are  measured  by 
rqpetitioii. 
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VI.  Measuring  Angles  by  Repetition.  Many  surveyors, 
when  running  transit  lines  by  either  of  the  first  two  methods, 
believe  in  doubling  all  transit-line  angles,  if  for  no  other  reason 
than  to  guard  against  error.  It  requires  more  time  in  the  field, 
but  often  saves  time  in  the  end.  Angles  can  be  measured  with 
greater  accuracy  by  repetition  than  by  the  ordinary  method. 
(See  page  99.) 

191.  Transit  Lines — Summary. 

1.  Transit  lines  are  imaginary  lines  of  reference  by  which  and 
from  which  the  details  of  a  survey  are  located.  They  are  the 
skeleton  lines  of  the  survey. 

2.  A  system  of  transit  lines  may  form  a  closed  polygon,  or  a 
network  of  polygons,  or  it  may  consist  of  a  series  of  lines  which 
do  not  close. 

3.  In  any  polygon  of  transit  lines  either  exterior  or  interior 
angles  may  be  measured.  A  check  is  afiforded  by  adding  inte- 
rior angles.     (Art.  175,  p.  119.) 

4.  Error  of  closure  is  usually  due  both  to  error  in  lengths  of 
transit  lines  and  error  in  angles. 

5.  There  are  four  common  methods  of  running  transit  lines, 
two  of  which  depend  upon  measuring  the  angle  which  one 
transit  Une  makes  with  another  transit  line;  the  other  two 
depend  upon  measuring  the  angle  which  each  transit  line  makes 
with  a  line  parallel  to  a  reference  meridian  (as,  for  example,  a 
north-and-south  Une). 

6.  The  four  methods  are:  (1)  Angles;  (2)  Deflection  Angles; 
(3)  Azimuths;   (4)  Bearings. 

7.  In  the  angle  method  all  angles  are  measured  directly  from 
the  backsight  "without  plunging  the  telescope,  while  in  the  c/e- 
^ec^ion-angle  method  all  angles  are  measured  from  the  back- 
sight produced  by  plunging  the  telescope.  This  is  the  principal 
difiference  between  the  two  methods. 

8.  In  the  azimuth  method  the  azimuth  of  the  first  line  may 
be  determined  in  one  of  three  ways. 

(1)  By  the  magnetic  needle;  all  azimuths  will  then  be  mag" 
netic  azimuths. 

(2)  By  establishing  a  true  north-and-south  meridian  by  ob- 
servation, and  measuring  the  azimuth  of  the  first  line  from  this 
meridian.  All  azimuths  will  then  be  true  azimuths.  In  this 
case  the  declination  arc  is  often  turned  ofiF. 

{SJ  If  bearings  are  of  no  importance,  the  azimuth  of  the  first 
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line  may  be  assumed  as  zero  or  any  other  convenient  quantity. 
All  azimuths  will  then  be  relative,  i.e.,  azimuths  with  respect 
to  the  first  transit  line  as  a  reference  meridian. 

9.  There  are  two  methods  of  orienting  the  transit  in  running 
by  azimuths.  In  one  the  vernier  must  be  set  anew  at  each 
station  (at  the  back  azimuth)  and  the  telescope  is  never  in- 
verted. In  the  other  the  vernier  is  set  automatically  for  each 
station  by  a  foresight  taken  while  at  the  preceding  station,  but 
the  telescope  must  be  inverted  before  backsighting  and  plunged 
before  foresighting. 

10.  If  the  azimuth  of  the  first  line  is  correct,  a  discrepancy 
between  the  azimuth  and  the  bearing  of  any  other  line  indi- 
cates a  mistake  in  measuring  the  angle;  if  no  mistake  is  found 
in  the  angle,  local  attraction  may  exist. 

11.  Running  transit  lines  by  bearings  is  similar  to  the  azi- 
muth method,  but  calls  for  the  quadrant  system  of  numbering 
graduations  on  the  limb.  Errors  are  much  more  likely  to  occur 
and  the  method  is  but  Uttle  used. 

12.  Calculated  bearings  may  be  used  as  a  rough  check  in  run- 
ning transit  lines  by  angles  or  by  deflection  angles. 

13.  Any  method  of  checking  transit  lines  by  the  magnetic 
needle  is  useless  in  locations  where  local  attraction  exists. 

14.  Doubling  angles,  or  measuring  angles  by  repetition,  is  a 
more  certain  check  than  that  afforded  by  the  magnetic  needle, 
and  it  is  also  a  much  more  accurate  one.  By  this  method  angles 
can  also  be  measured  with  greater  precision  than  by  the  ordi- 
nary method. 


CHAPTER  Xm 

METHODS  OF  LOCATING  DETAILS 

In  this  chapter  are  given  the  geometrical  methods  in  common  use  for 
locating  boundary  lines,  street  Unes,  buildings,  fences,  rivers,  bridges,  and 
other  details  of  a  survey.  The  different  methods  are  outlined  without 
entering  upon  the  routine  of  the  field  work,  or  discussing  the  practical 
questions  which  arise  in  connection  with  that  work..  (See  the  next  ch^P* 
ter  for  field  work.) 

192.  Transit  Survey — General  Method.  A  transit  sur- 
vey is  one  in  which  the  transit  is  the  principal  instrument  used: 
this  implies  the  measurement  of  angles  as  the  distinguishing 
characteristic.  Part  of  the  work  in  such  a  survey  consists  in 
running  the  transit  lines  according  to  one  of  the  methods  ex- 
plained in  the  preceding  chapter,  and  the  rest  of  the  work  con- 
sists in  locating  details  of  the  survey  using  these  transit  lines 
as  reference-lines.  It  is  desirable  to  have  either  a  transit  sta- 
tion or  a  transit  line  conveniently  near  each  detail  that  is  to 
be  located,  such,  for  example,  as  a  house  or  a  fence-comer;  in 
establishing  transit  stations  this  should  always  be  kept  in  mind. 
(See  Art.  216,  p.  149.)  The  different  geometrical  methods  used 
are  exactly  the  same  as  those  employed  by  draftsmen  for 
locating  points  on  paper.  Some  involve  linear  measurements 
only,  others  are  based  entirely  upon  the  measurement  of  angles, 
while  still  others  combine  linear  and  angular  measurements. 

193.  Two  Methods  of  Carrying  on  the  Work.  Having 
chosen  the  method  of  running  the  transit  hues  (Art.  217,  p.  151) 
there  are  two  ways  to  proceed:  (1)  Lengths  and  ancles  of  the 
transit  lines  may  be  measured  and  the  entire  system  estabhshed 
before  work  is  begun  on  the  location  of  details.  This  means 
going  over  the  ground  twice,  once  for  transit  lines  and  once 
for  details.  (2)  A  more  common  method  is  to  complete  all  the 
measurements  at  a  station  at  one  set-up,  carrying  on  the  work 
of  running  the  transit  lines  and  of  locating  the  details  simulta- 
neously,  and  establishing  new  stations  as  fast  as  they  are 

needed. 
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The  first  method  is  good  for  a  survey  of  considerable  extent, 
in  which  a  network  of  transit  lines  must  be  established  with 
care.  The  second  method  is  better  for  a  survey  which  does 
not  close,  or  for  one  in  which  it  makes  little  difference  where 
the  transit  lines  are  run,  or  for  small  surveys  with  compara^ 
tively  few  stations  where  the  work  can  be  done  in  a  short  time. 

As  a  compromise  between  the  two  methods  it  is  often  best 
before  beginning  a  survey  to  decide  upon  the  approximate 
positions  for  the  different  stations,  and  then,  working  by  the 
second  method,  set  the  stations  more  exactly  as  fast  as  they  are 
needed. 

194.  Uocatins:  Objects  from  Transit  Lines.  Seven 
methods  of  locating  a  point  have  already  been  given  on  page  4. 
Locating  details  consists  simply  in  locating  two  or  more  points 
of  each  object  by  one  or  more  of  these  seven  methods.  Tran- 
sit lines  form  the  skeleton  upon  which  the  survey  is  built. 
Objects  are  usually  located  from  the  nearest  or  most  conven- 
ient transit  line.  Enough  points  are  taken  to  completely 
locate  the  object,  with  perhaps  an  additional  point  or  two  for 
a  check.  Thus,  for  example,  it  is  enough  to  determine  the 
position  of  two  corners  of  a  rectangular  building  directly  from 
a  transit  line,  the  other  two  corners  being  located  indirectly 
by  measuring  the  building  itself;  it  is  well,  however,  in  accu- 
rate work  to  locate  a  third  corner  from  a  transit  line  as  a  check. 

Sometimes  it  is  necessary  to  locate  different  parts  of  the 
same  object  from  different  stations  or  transit  lines.  For  exam- 
ple, part  of  a  large  building  may  be  located  from  a  station  near 
one  end,  while  other  portions  of  the  building  are  located  from 
a  station  near  the  other  end.  Fence-lines  and  street-lines  are 
nearly  always  located  from  at  least  two  stations.  For  example, 
in  a  survey  of  a  rectangular  field  each  corner  of  the  field  may 
be  located  from  a  station  near  it,  and  each  boundary  line  will 
thus  be  fixed  by  two  points  located  from  different  stations,  and 
possibly  from  different  transit  lines  also.     See  page  141. 

In  locating  the  different  points  of  any  detail  of  the  survey 
the  surveyor  must  be  quick  to  see  which  of  the  seven  methods 
given  on  page  4  k  best  adapted  to  his  purpose.  (See  Art.  223. 
p.  156.)  Sometimes,  however,  he  has  no  choice  but  must  use 
the  one  method  possible,  as,  for  example,  the  method  of  trian- 
gulation  in  locating  an  inaccessible  point.  Of  the  seven  methods 
referred  to,  one  depends  upon  the  inteTseelloTi  ol  \.\^Qk  ^Vt'5s^sgi^^. 
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lines,  two  depend  upon  linear  measurement^  only,  while  the 
other  four  involve  measurements  of  angles.  Since  the  transit 
is  an  instrument  for  measuring  angles,  these  last  four  methods 
are  most  characteristic  of  transit  surveying.  In  the  succeed- 
ing pages,  however,  there  will  be  found  illustrations  which  are 
intended  to  give  a  general  idea  of  the  way  in  which  all  seven 
methods  are  used  in  locating  objects  from  transit  lines. 

First  those  methods  which  combine  linear  and  angular  meas- 
urements will  be  given,  and  then  those  methods  which  involve 
linear  measurements  only. 

More  complete  illustrations  in  which  different  methods  are 
combined  will  be  found  in  the  various  forms  of  field  notes 
given  in  Chapter  XV. 

Methods  Involving  Angular  Measurements 

195.  Locating  Objects  by  Angles  and  Distances. 

(a)  Illustration.  Any  number  of  p>oints  may  be  located  from 
a  station  by  taking  an  angle  to  each  point  and  measuring  the 

corresponding  distance  from 


StaA 


195  (a). 


the  station  to  the  point. 
(Method  3,  p.  4.)  The  an- 
gles are  usually  all  taken 
from  the  same  backsight. 
(Art.  127,  p.  94.)  In  Fig. 
195  (a)  the  transit  is  at  sta- 
tion B,  backsight  on  station 
A,  Angles  are  taken  to  1 
and  2  (corners  of  the  barn) 
and  3,  4>  ^j  ^^^  ^  (comers 


of  the  house),  and  the  corresponding  distances  from  station  B 
to  these  comers  are  measured.  ''Measuring  up,"  i.e.,  measur- 
ing the  lengths  of  the  sides  of  the  barn  and  the  house,  completes 
the  field  work  of  location.  In  many  cases  it  would  be  sufficient 
to  locate  two  corners  of  the  house,  as,  for  example,  S  and  4  or 
6  and  6. 

Locating  objects  by  azimuths  and  distances.  In  the  preceding 
illustration,  and  in  many  that  follow,  it  will  be  observed  that 
the  method  of  locating  objects  holds  good  when  azimuths  are 
used  in  place  of  the  usual  angle  taken  from  some  backsight. 
Indeed,  azimuth  means  an  angle  taken  clockwise  from  a  north- 
id-soutb  line  or  from  some  other  meridian  as  ^  \ia.cks\^t. 
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(&)  Illustration,  Locating  an  object  by  an  angle  and  distance 
to  one  point  only.  In  Fig.  195  (6)  a  method  is  shown  which  is 
often   used   for  locat-  / 


ing  a  rectangular  ob- 


ject.     A    point   c    is  ^Vc^ 


■House] 


IM^ 


"lined    ia"    with   the  j55 


#''J 


transit  between  sta- 
tions F  and  G^  and  at 
the  same  time  brought 
into  line  hy  eye  with 
one  side  of  the  house, 
as   ab.      The  point  c  ^'°-  ^^^  (^>- 

being  thus  established  the  transit  is  set  up  at  c,  the  angle  Fch  is 
taken,  and  the  distances  Fc  and  ch  are  measured.  One  comer  of 
the  house  h  having  been  located  in  this  way,  the  other  corners 
are  found  by  ''measuring  up"  the  house  itself.  This  method  is 
most  used  when  the  object  is  too  far  away  to  be  located  from  a 
regular  transit  station,  and  yet  is  comparatively  near  one  of  the 
transit  hues;  although  it  is  not  the  most  accurate  method,  it  will 
often  answer  the  purpose.  A  method  similar  to  this  but  one 
which  does  away  with  the  setting  up  of  a  transit  at  c  is  given 
on  page  139,  Fig.  199  (a). 

(c)  lUnstration.  Locating  curves  by  angles  and  distances. 
The  simplest  way  of  locating  a  curve  made  up  of  circular  arcs 
of  small  radii  is  to  find  by  trial  the  radius  and  center  of  each 
arc,  locate  each  center  from  the  nearest  transit  station,  and  in 
addition,  if  necessary,  locate  the  points  where  each  curve  ends 
or  where  it  changes  to  a  different  curve.  When,  however,  the 
radii  are  large  or  when  the  curve  is  irregular,  i.e.,  not  com- 
posed of  true  circular  arcs,  some  other  method  must  be  used. 
One  method,  especially  adapted  to  the  location  of  small,  sharp, 
irregular  curves  such  as  driveways,  park  walks,  and  other  simi- 
lar curves,  is  given  in  Fig.  195  (c).  Notice  that  for  each  angle 
measured  two  points  are  located.  Thus,  with  transit  at  E,  back- 
sight at  D,  an  angle  to  7  is  taken,  7'  is  lined  in,  and  the  two 
distances  to  7  and  7'  are  measured,  the  object  being  to  save 
work  in  plotting.  The  second  point  can  usually  be  set  in  line 
with  the  first  by  eye.  Chain-pins  or  stakes  can  be  stuck  into 
the  ground  at  intervals,  close  together  where  the  curve  changes 
rapidly,  farther  apart  where  the  curve  is  less  abrupt,  and  the 
angles  and  distances  measured  to  these  points,  oi^ow  tk^  Qik^t 
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hand,  angles  can  be  turned  ofif,  say  every  15°,  the  correspond- 
itig  points  on  the  curve  marked,  and  the  distances  to  these 

p>oints  then  measured.  It 
often  happens  that,  by 
making  the  same  angle 
serve  for  the  location  of 
two  or  moire  points,  work 

SfaD   ioiila//an/^    in  plotting  is^  saved  not 

only   in    the    location   of 
Fig.  195  (c).  curves,   but   also    in  the 

location  of  all  kinds  of  objects. 

(d)  lUustration.  Locating  a  point  by  an  angle  and  distance 
iohen  the  distance  is  measured  from  some  fixed  point  other  than 
the  transit  station.     (Method  4,  page  4.)    • 

In  the  three  preceding  illustrations  the  distance  to  any  point 
located  was  measured  from  the  station  where  the  transit  stood 
when  the  angle  to  that  point  was  taken.  (Method  3,  p.  4.) 
Instead  of  measuring  from  the  transit 
station  it  is  sometimes  more  con- 
venient to  measure  from  some  other 
point  already  located  as  shown  in 
Fig.  195  (d)  and  Fig.  195  (e). 

In  Fig.  195  (d)  comer  b  is  located  in 
the  Usual  way^  Corner  a  is  located 
also  by  an  angle  from  the  backsight 
on  station  G,  but  the  distance  is  meas- 
ured from  b  instead  of  from  station  H. 

(e)  This  method  may  also  be  used  for  determining  the  direc- 
tion of  a  street  which  branches  ofif  from  the  main  survey.  As 
only  enough  of  the  street  will  be  shown  on  the  map  to  indicate 

its  direction,  it  will  ustially  suffice 
to  locate  a  single  point,  as,  for  ex- 
ample, b  in  Fig.  195  (e).  The  comer 
a  having  been  located  by  an  angle 
and  distance  in  the  usual  manner, 
an  angle  is  taken  to  6,  biU  the  dis- 
tance from  a  to  b  is  measured  in- 
stead of  the  distance  from  Sta,  B 
to  b.  This  method  might  be  used, 
for  example,  if  on  account  of  fences  it  is  much  easier  to  measure 
fjfr?ia  a  to  b  than  it  is  to  measure  from  Sta.  B  to  6.    If  more  con- 
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STa.S 


o  tranaita  are  generally 


venient,  produce  bo  to  b  and  measure  from  Sta.  B  to  e.  (Se« 
p.  140,  Fig.  199  (c),  for  another  method  of  getting  the  direotjoa 
of  a.  street.) 

|96.  Locating  Points  by  Two  Intersecting  Angles. 

lUwfration.      (Method  5,  p.  4.)    In  Fig.  196   a  transit  at  B, 
the  angle  CB2.    At  the  same  time 


backsight  at  B,  meas- 
ures the  angle  BC2. 
The  distance  BC  be- 
ing known,  the  point 
2  is  thus  located. 
Any  number  of  points 
along  the  bank  may  be 
determined  in  a  similar 
manner.   When  this  method  is  followed  ti 

This  method  may  be  used  for  locating  any  point  which  can 
be  seen  from  two  transit  stations,  as,  for  example,  a  fence-cor- 
ner or  the  comer  of  a  building.  The  method  ia  not  as  accurate 
as  the  preceding  methods  unleaa  the  base-line  and  angles  are 
measured  with  great  care.  If  the  angle  at  the  intersection  of 
the  two  lines  ia  too  acute,  it  makes  it  difficult  in  plotting  to  de- 
termine the  exact  point  of  interaection. 

This  method  is  especially  adapted  to  locating  inaccessible 
points  and  for  taking  soundings.    It  is  much  used  in  plane-table 

107.    Locating    Points     by    the     Three-point     Method. 

(Method  7,  p.  4.)     Let  H,  I,  and  K  in  Fig.  197  be  stations  on 
shore     the    positions    of    which    are 
known.     Let  1,  2,  and  3  be  points  on 
the  water  at  which   buoys  are  placed 
or  soundings  taken.    At  each  of  these 
points  two  angles  between  lines  to  the 
three  stations  on  shore  are  taken,  as 
J  indicated  on  the  figure,  thus  locating 
each  point.    The  angles  are  usually 
measured  with  a  sextant.     The  pecu- 
liarity of  this  method  is  that  lh&  angles 
are  aU  taken  at  the  print  lo  be  located.      The  points  could  of  course 
b»  looaied  by  ibe  method  of  the  preceding  s.i\\i^<^,  'C\v%  V«>^ 
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transita  on  shore  occupying  two  of  the  three  stations,  aa  Sta.  H 
and  Sta.  I,  or  Sta.  I  and  Sta.  K. 

'Methods  iNVOLViNa  Linbab  MEAsuitEMENTS  only 
All  the  methods  on  the  preceding  pages  depend  upon  the 
meaaurement  of  one  or  mora  angles.  Much  of  the  work  of 
locating  objects,  however,  can  be  done  without  measuring 
angles.  Of  the  two  methods  involving  only  Unear  measure- 
ments (page  4)  that  of  locating  a  point  by  offsets  is  the  one 

198.  Locating  Objects  by  Offsets. 

(o)  This  method  corresponds  to  method  2,  p.  4.  The  perpen- 
dicular distances  to  the  transit  line  from  different  points  of  an 
object  are  called  offsets.  (For  methods  of  erecting  perpendic- 
ulars see  p.  61.)  Enough  offsets  are  taken  to  completely  locat« 
the  object,  the  distances  betu^een  the  offsets  being  measured  aiong 
the  transit  line.  In  Fig.  1S8  (a)  only  two  offaeta  ara  needed  to 
locate  the  building. 


Fia.  lB8(i). 


(6)  Anything  which  is  regular  in  oulline  can  be  located  by 
offsets  taken  at  equal  intervals  along  the  transit  line.  Thus  in 
Fig.  198  (b)  offsets  were  taken  every  20  ft.  Notice  that  dis- 
tances (9  ft.  and  22  ft.)  were  measured  to  the  points  where  the 
transit  line  crosses  the  curves.  In  keeping  notes  some  engineers 
prefer  to  consider  offsets  on  one  side  of  the  transit  line  plus, — 
on  the  other  aide  minus. 

(c)  Irregular  oullines  are  best  located  by  offsets  at  Mmequal 
intervals,  for  in  this  way  only  can  the  points  of  abrupt  change 
in  the  line  be  determined.  The  edge  of  a  bluff,  a  river  bank, 
or  any  other  irregular  line  can  be  located  by  running  a  transit 
line  near  it  and  taking  offsets  as  illustrated  in  Fig.  198  (c). 

Cd)  In  locating  objects  by  offsets  remember  three  things: 
OJ  The  distance  from  one  of  the  oSeeta  to  a  iTanait  <AB.tian 
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(or  some  other  known  point  on  the  transit  line)  muttt  be  meas- 
uied.     If,  for  example   in  Fig.  198  (c),  the  distance  30  ft.  from 


Sta.  A  to  the  first  offset  were  not  measured,  the  rest  of  the 
work  would  be  useless. 

(2)  An  offset  should  be  taken  at  every  point  where  there  is 
an  abrupt  change  in  the  outline  to  be  located. 

(3)  Offsets  should  be  taken  to  all  points  of  the  outline  which 
are  farthest  from  or  nearest  to  the  transit  line. 

KoU.     Itwillfacilitate  plotting  (andthe  field  work  too)  iF.instearl  nf  mea- 
suring di9tBDC«s  between  oUsetH  as  Rhown  in  the  fiEure,  tbe  total  distance 

',  if  the 


2+05.     This  show: 
ebould  equal,  the  t 


that  the  last  oftnet  i:-  205  ft.  fro 


I  equal. 
■.     This 


Piously  found  by  el 


e  way.  the  ra 


,,dyi.t 


Bctly 


slon^t  the  li _  _ 

getting  the  plus  stations  ; 
the  t^ae  its  full  Isngtb  ei 

199.   Locating  Objects  by  Measurements  Oblique  to  the 
Transit  Line. 

lU-uslraiion.  In  Fig.  199  (a)  and  Fig.  199  (t)  are  shown  two 
different  methods  of  locating  a  building,  each  of  which,  how- 
ever, depends  upon  the  same 
general  principle.  (Method 
I,  p.  4.)  In  Fig.  199  (a) 
pointa  d  and  e  are  two  points 
on  the  transit  line,  and  the 
distance    of    one    of    these    ^''    ';£  "t 

points  from  the  nearest  sta-^ — =~^ ' 

tion   is   measured.     Point   e 

was  taken  on  a  line  with  one       F'o.  183  (u).  Fic 

side    of    the   building,    and 

point  d  is  any  convenient  distance  from  e.     The  Ci 


building  is  then  located  by  the  distar 
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199  (6)  each  of  the  two  comers  of  the  building  nearest  the  tran- 
^t  line  are  located  by  two  distances  from  points  (a  and  6  or  6 
and  c)  on  the  transit  line. 

In  Fig.  199  (a)  if  the  comer  /  of  the  building  had  been  a  con- 
siderable distance  from  the  transit  line,  in  place  of  the  51  ft. 
hne  to  /  a  'Hie- line"  to  some  other  point  on  fe  could  have  been 
used,  thus  fixing  the  direction  of  fe.  The  "tie-line"  answers 
the  same  purpose  as  measuring  the  angle  (p.  135,  Fig.  195  (6)), 
and  while  not  quite  as  accurate,  it  can  often  be  Used  to  advan- 
tage. In  Fig.  199  (c)  another  illustration  of  the  use  of  ''tie- 
lines"  is  given. 

(c)  Use  of  tie-lines.  In  Fig.  199  (c)  the  intersection  c  of  two 
street-lines  is  located  from  Sta.  B  by  an  angle  and  distance  in 

.  the    usual    way.     No    other 


,^^    Oix 


65    \  Fence    ^ 


SraB 


J^o 


point  is  located  from  Sta.  B, 
the  street-line  cef  being  located 
f  by  a  second  point  taken  front 
some  other  station  not  shown 
in  the  figure.  The  point  d 
determines  the  direction  of 
a  side  street.  Measure  from 
c  to  d  and  from  c  to  any 
other  point  e  on  the  line  cf  The  length  of  the  "tie-line"  de 
determines  the  angle  dee.  (Another  method:  produce  dc  to  a, 
863  p.  136.)  In  a  similar  way  if  a  point  n  has  been  lined  in  by 
eye  with  a  division-fence,  a  tie-line  from  any  j>oint  m  to  fcny 
point  o  will  determine  the  direction  of  the  fence  and  thiis  avoid 


Fig.  199  (c). 


a  "set-iip    at  n. 

(d)  Offsets  oblique  to  the  transit  line.     In  Fig.   199  (d)  the 
points  d  and  c  on  the  transit  line  were  lined  ih  by  eye  with  two 
sides  of  a  building,  and  the  dis- 
tances ad  and  be  were  measured. 
The  point  d  was  located  from  Sta. 
A,  and  the  building  was  measured 
up.     Notice  that  dc  was  not  meas- 
ured.    This  method  is  not  geomet- 
rically correct,  for,  in  plotting,  the   c^^  ^ 
distance   ab   and   dc   are   assumed 
equal.     They  are  equal  for  all  prac- 
tical purposes,  since  this  method 
would  not  he  used  except  in  cases  where  the  transit  line  runs 


c  TdStaB 


Fig.  199  (d). 
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approximately  parallel  to  the  side  of  the  house,  and  where  the 
map  will  be  plotted  to  such  a  small  scale  that  the  discrepancy 
between  the  lengths  of  ab  and  dc  will  not  show. 

200.  Locating  Boundaries.  In  surveying  boundary-lines 
it  is  not  often  practicable  to  make  the  transit  lines  coincide  with 
the  boundary-  or  fence-lines;  they  are  therefore  run  around  the 
field  outside  or  inside  as  may  be  more  convenient.  It  is  not 
necessary  to  estabhsh  the  transit  lines  parallel  to  the  boundary- 
hnes,  although  when  it  is  desired  to  find  the  angle  at  the  in- 
tersection of  the  boundaries  it  may  be  well  to  do  so;  even  then, 
however,  it  is  not  really  necessary,  since  the  required  angles 
can  be  calculated. 
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Fig.  200. 

Illustration.  In  Fig.  200  three  methods  are  shown  for  locating 
the  boundary-lines  of  the  same  plot  of  land.  It  is  assumed  that 
buildings,  fences,  or  other  obstacles  prevent  the  transit  lines 
(represented  in  the  figure  by  broken  lines)  from  being  estab- 
lished on  the  boundary-lines. 

(1)  Transit  lines  ABODE  are  run  at  random,  and  each  corner 
of  the  plot  is  located  from  the  nearest  station  by  one  of  the  usual 
methods, — in  most  cases  by  angle  and  distance.     (See  p.  134.) 

(2)  Transit  lines  FGHIJ  are  parallel  respectively  to  corre- 
sponding boundary-lines,  and  the  corners  of  the  plot  are  located 
as  in  the  first  method;  or  each  boundary-line  is  located  by  offsets 
from  the  corresponding  transit  line.    (See  p.  138.) 

(3)  Any  convenient  rectangle  of  transit  lines,  as  KLMXO,  is 
established,  and  each  corner  of  the  plot  is  located  by  perpen- 
dicular distances  from  the  nearest  transit  lines. 

In  the  figure  the  transit  lines  in  each  case  are  shown  wholly 
outside  of  the  tract  surveyed.  If  more  convenient,  they  may  be 
wholly  inside  or  partly  inside  and  partly  outside. 

The  first  method  is  the  one  most  used  beeaA\Bfc\\j  vcvN^vN^'e^'Owi 
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least  field  work.  The  second  method  calls  for  extra  work  in 
establishing  the  transit  lines  parallel  to  the  boundaries,  but  it 
gives  the  angle  at  each  comer  of  the  plot  directly  without  com- 
putation. In  the  third  method  the  difficulty  lies  in  getting  the 
points  where  the  perpendiculars  from  the  comers  of  the  plot 
intersect  the  transit  lines,  especially  if  this  must  be  done  with 
considerable  precision,  but  when  it  is  desired  to  save  office  work 
at  the  expense  of  field  work  this  method  is  a  valuable  one.  It 
is  evident  that  much  time  is  saved  in  plotting  and  in  office 
computations. 

In  the  second  and  third  methods,  buildings,  fences,  and  other 
obstacles  may  render  it  difficult  to  establish  the  transit  lines, 
while  in  the  first  method,  since  the  transit  lines  are  run  at  ran- 
dom,  obstacles  are  more  easily  avoided. 

This  illustration  shows  how  it  is  often  necessary  to  locate 
different  points  of  an  object  from  different  transit  stations. 
Thus,  for  example,  any  one  of  the  three  methods  could  be  em- 
ployed for  locating  a  large  building.  For  staking  out  a  building 
the  third  method  is  generally  used.     (See  p.  210.) 

(4)  The  lines  PQRS  illustrate  a  fourth  method,  which  is  not 
a  common  one,  but  which  can  be  used  sometimes  to  advantage 
where  conditions  are  favorable.  It  consists  simply  in  running  a 
transit  line  through  each  corner  of  the  lot,  and  measuring  along 
these  lines  to  the  respective  corners.  Not  much  work  is  saved 
in  the  field  by  this  method,  but  the  office  work  of  plotting  and 
of  calculating  the  area  is  simplified.  It  has  the  further  ad- 
vantage of  definitely  locating  each  comer  with  the  fewest  f)os- 
sible  measurements. 

In  the  Field  Notes  of  Chapter  XV  will  be  found  more  complete 
illustrations  of  the  use  of  transit  lines  for  locating  boundaries. 

201.  Practical  Application  of  Methods.  The  field  work  of 
locating  details,  involving  such  questions  as  which  methods  to 
use  and  how  to  apply  them,  is  discussed  in  the  next  chapter. 
A  careful  study  of  the  illustration  in  the  second  part  of  Chapter 
XV  on  Field  Notes,  especially  the  survey  for  an  electric  road 
(Illustrations  V  and  VI,  pp.  184-186),  and  the  survey  of  a  city 
street  (Illustration  VII,  p.  188),  will  suggest  how  several  methods 
may  be  combined  in  practice.  It  is  well  worth  while  to  plot  the 
notes  referred  to  in  order  to  gain  an  idea  of  the  actual  field  work 
of  locating  details. 
^O^,  Summary,     Transit  lines  form  a  skeleton  upon  which 
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the  survey  is  built.  Details  are  located  from  the  nearest  or 
most  convenient  transit  line.  There  are  seven  methods  of  locat- 
ing any  point,  four  of  which  involve  the  measurement  of  one  or 
more  angles,  two  depend  upon  linear  measurement  only,  and 
one  upon  the  intersection  of  two  straight  lines.  No  one  method 
should  be  used  to  the  exclusion  of  all  others,  and  the  surveyor 
must  be  quick  to  see  which  is  best  adapted  to  his  purpose. 

1.  The  most  common  method  for  locating  a  point  is  that  by 
angle  and  distance.  It  is  quick  and  accurate,  and  should  ordi- 
narily be  used  for  points  near  a  transit  station,  when  measure- 
ments from  the  station  to  the  points  can  be  made  without 
difficulty.  For  a  number  of  such  points  angles  should  be  taken 
from  the  same  backsight.  One  angle  will  often  serve  to  locate 
several  points. 

2.  A  second  method  differs  from  the  preceding  in  that  the 
distance  to  the  point  located  is  measured  from  some  other  point 
instead  of  from  the  transit  station.  Used  when  it  is  more  con- 
venient to  measure  from  a  near-by  point  already  located  than 
to  measure  from  the  transit  station  itself. 

3.  A  third  method  for  locating  a  point  depends  upon  two 
angles,  one  taken  at  one  transit  station,  the  other  at  another 
transit  station,  with  the  line  between  the  two  stations  as  a  base- 
line. Two  transits  are  ordinarily  used,  although  the  work  can 
often  be  done  with  one.  Used  for  locating  inaccessible  points 
or  points  too  far  from  transit  stations  for  linear  measurements 
to  be  taken.  Especially  adapted  to  locating  points  on  the 
water.  The  method  is  not  accurate  unless  the  base-line  and 
angles  are  measured  with  great  care.  With  ordinary  precautions, 
however,  it  answers  the  purpose  in  locating  unimportant  details. 

4.  A  fourth  msthod  involves  the  measuring  of  two  angles  at 
the  point  to  he  located.  The  angles  measured  are  formed  by 
three  lines  radiating  from  the  unknown  point  to  three  known 
points.  Used  for  hydrographic  surveying  and  similar  work. 
This  method  is  the  so  called  'Uhree-poinf  method. 

5.  A  iijth  method,  locating  points  by  offsets,  involves  linear 
measurements  only.  Used  for  locating  objects  which  are  near 
a  transit  line  but  not  near  a  transit  station.  Especially  adapted 
to  locating  curves,  and  irregular  lines  such  as  river  banks,  and 
edges  of  bluffs.    Also  used  for  locating  buildings. 

6.  A  sixth  method  is  that  in  which  each  point  is  located  by 
two  ^st^nces,  one  from  each  of  two  knovmpovKiV^.  "YV^^^sx^^Nkva^ 
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18  quite  accurate,  and  is  often  more  convenient  to  use  than  one 
involving  the  measurement  of  angles.  The  "tie-b'ne,"  one  form 
of  this  method,  will  often  save  setting  up  the  transit,  ^  it  vir** 
tually  determines  the  angle  required. 

7.  A  seventh  method  is  that  of  locating  a  point  by  two  inter- 
secting straight  lines  from  four  known  points.  Used  princi- 
pally for  referencing  points,  but  it  can  also  be  U8e4  to  some 
extent  in  locating  points. 

8.  No  matter  how  many  points  of  an  object  may  be  locat0d, 
the  dimensions  of  the  object  itself  should  be  ascertained.  This 
means  that  lengths  of  boundary-lines,  lengths  of  street-lines, 
and  lengths  of  all  other  important  lines,  especially  straight 
lines,  should  be  measured  along  the  lines  themselves  in  addition 
to  locating  the  ends  of  the  Unes  from  transit  stations. 

9.  RectangiUar  objects,  such  as  buildings,  are  commonly  lo- 
cated in  one  of  the  following  ways:  (It  is  assumed  that  the 
dimensions  of  the  object  are  also  ascertained.)  (1)  By  angles 
and  distances  to  two  or  more  comers;  (2)  By  the  angle  and  the 
distance  to  one  corner  from  a  point  on  the  transit  hne  which  is 
also  in  line  with  two  comers  of  the  object,  one  of  which  is  the 
comer  located;  (3)  By  an  angle  and  distance  to  one  comer  and 
the  angle  (but  not  the  corresponding  distance)  to  another  comer; 
(4)  By  offsets;  (5)  By  producing  one  side  of  the  object  to  an 
intersection  with  the  transit  line  and  measuring  a ''tie-line 'S 
(6)  By  locating  two  comers,  each  by  two  distances  from  known 
points. 

10.  The  direction  of  a  street-line  or  a  division-fence  line  or 
any  similar  Une  branching  from  the  main  survey  may  be  deter- 
mined by  producing  the  line  until  it  intersects  the  transit  line 
(or  some  other  known  line),  and  then  locating  one  additional 
point  on  the  line  by  angle  and  distance,  or  by  a  "tie-line." 

IL  Unbroken  curves  may  be  located  eith»  by  offsets,  or  by 
locating  controlling  points  by  any  of  the  usual  methods. 

12.  Finally.  If  an  object  covers  considerable  ground,  it  may 
be  necessary  to  locate  different  parts  of  it  from*  different  sta- 
tions or  different  transit  lines;  in  locating  long  lines,  such  aa 
street-lines  and  boundary-lines,  this  is  especially  true.  In  lo- 
cating any  object  it  may  be  well  to  use  one  method  for  locating 
some  of  the  points,  and  another  method  for  locating  other 
points;  thus  a  combination  of  two  or  more  of  the  seven  methods 
nu^fr  be  used  often  to  good  advantage. 


CHAFER  XIV 

'TRANSIT  SURVEYING.     FIELD  WORK 

It  is  comparatively  easy  to  learn  the  theoretical  methods  of  ninning 
transit  lines  and  of  locating  details  given  in  the  two  preceding  chapters. 
On  the  other  hand  the  judgment  required  for  choosing  methods  best  adapted 
to  the  work  in  hand,  and  the  skill  necessary  for  carrying  out  the  field  work 
with  accuracy  and  despatch,  can  only  be  acquired  from  a  long  and  varied 
experience  in  the  field.  It  is  not  desirable,  therefore,  to  lay  down  hard  and 
fast  rules  for  field  work.  The  most  that  can  be  done  is  to  outline  the 
routine  usually  followed,  and  to  discuss  in  a  general  way  practical  ques- 
tions which  arise  in  the  field. 


203.  Transit  Party.  Transitman,  chainmen,  flagman,  axe- 
man, and  others  who  work  together  as  one  party  in  making  a 
transit  survey.  The  size  of  the  party  depends  upon  the  nature 
of  the  work.  Two  men  may  constitute  a  transit  party,  but 
usually  three  can  work  to  better  advantage.  When  much  chain- 
ing has  to  be  done,  and  many  angles  taken,  a  party  of  four  or 
five  men  is  still  better.  Sometimes  several  transit  parties  are  at 
work  on  the  same  survey.  The  duties  of  each  member  of  the 
party  are  outlined  at  the  end  of  this  chapter. 

204.  The  Instruments  and  Equipment  for  a  surveying 
party  depend  upon  the  work  to  be  done.  For  ordinary  sur- 
veys the  different  members  of  a  transit  party  should  be 
equipped  as  follows: 

1.  TransitTnan,    Transit,  plumb-bob,  reading-glass. 

2.  Note-keeper.  Note-book,  pencil,  eraser,  straight-edge, 
scribbling-pad,  and  trigonometric  tables. 

3  s^nd  4.  Chainn^en.     Steel  tape,  chaining-pins,  plumb-bob. 
5.  Axeman  and  Flagman.     Axe,  stakes,  transit-pole,  crayon, 
tacks. 

In  addition  to  the  above  list  it  is  well  habitually  to  carry  in  the  pocket 
a  short'  steel  tape,  reading-glass,  sharp  knife  with  screw-driver  blade,  pad 
of  scribbling-paper,  string  or  spool  of  fine  wire,  pencil,  and  eraser. 

For  a 'more  complete  list  of  instruments  and  equipment  consult  Part  IIL 
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205.  Signals  in  common  use  in  surveying  are  as  follows: 

1.  In  "lining  in"  a  motion  is  made  with  one  hand  or  the 
other  in  the  direction  in  which  the  pole,  stake,  or  pencil  is  to 
be  moved:  a  vigorous  motion,  move  quite  a  distance;  a  slight 
motion,  a  small  distance. 

2.  Waving  the  arms  so  as  to  bring  the  hands  together  ever 
the  head  means  "all  right." 

3.  When  the  transitman  wishes  a  rod  held  for  a  sight  he  raises 
an  arm  to  a  vertical  position. 

4.  The  left  arm  held  vertically  means  to  plumb  the  rod  in 
that  direction;  the  right  arm,  plumb  in  the  opposite  direction. 

5.  When  a  transitman  is  through  with  a  flagman  for  the  time 
being,  but  is  likely  to  need  another  sight  on  the  same  point,  he 
simply  signals  all  right.  When,  however,  he  is  entirely  through 
and  wishes  the  flagman  to  "come  in"  or  to  move  to  the  next 
station  he  waves  a  handkerchief.  Unless  there  is  some  clear 
understanding  on  this  point  a  flagman  is  apt  to  come  in  at  a 
signal  of  "all  right,"  and  thus  cause  needless  delay. 

5.  When  the  flagman  holds  his  transit-pole  in  a  horizontal 
position  over  his  head  he  means  that  he  is  going  to  give  a  sight 
on  a  transit  station.  The  same  signal  is  used  when  establishing 
a  transit  station  to  indicate  that  the  tack  is  set  and  the  station 
completed. 

Additional  signals  are  often  used,  such,  for  example,  as  "give 
a  point  on  line"  and  "another  sight  wanted." 

Any  system  of  signals  may  be  used  in  place  of  those  given. 
It  is  a  matter  of  small  consequence  what  the  signals  are,  pro- 
vided they  are  clearly  understood  by  every  member  of  the  tran- 
sit party.    Avoid  shouting:  it  is  an  evidence  of  "greenness." 

206.  Transit  Survey — General  Method.  Transit  lines,  run 
according  to  one  of  the  methods  of  Chapter  XII,  are  used  as 
reference-lines.  The  field  work  consists:  (1)  In  running  the 
transit  lines,  and  (2)  in  locating  points  of  the  survey  with  refer- 
ence to  those  transit  lines.  Keeping  notes  is  also  an  imp)ortant 
part  of  the  work. 

The  work  of  running  the  transit  lines  and  of  locating  details 
may  be  carried  on  simultaneously,  or  the  entire  system  of  tran- 
sit lines  may  be  established  before  the  work  of  locating  details 
is  begun.  The  question  of  when  to  use  one  method  and  when 
to  use  the  other  has  already  been  discussed  on  pp.  132-133. 
^07.  A  Transit  Station  may  be  any  weW-de^xi^d  ^vcit, ,  a^ 
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a  tack  in  a  stake,  a  nail  in  the  crack  of  a  curb,  or  an  X  scratched 
on  a  pavement.  If  a  stake  is  used,  it  should  be  driven  flush  in 
the  ground  and  a  guard-stake  put  near  it.  The  former  stake  is 
called  a  "hub."  A  transit  station  may  be  established  in  two 
ways: 

(1)  Its  position  may  be  chosen,  and  the  exact  point  marked 
before  any  sight  is  taken  on  it,  or  (2)  it  may  be  ''sighted  in  "  from 
the  transit,  as,  for  example,  when  a  station  is  to  be  established 
"on  line"  with  two  other  stations.  When  the  transit  station  is 
to  be  lined  in  the  flagman  first  holds  the  transit- pole  or,  better 
still,  the  stake  itself,  and  moves  it  into  line  in  accordance  with 
the  signals  from  the  transitman.  (See  Art.  205.)  Having  de- 
termined the  required  point,  the  stake  is  driven,  and  the  pole 
(or  a  pencil  if  it  can  be  seen)  is  again  held  to  find  the  exact  point 
on  the  stake  for  driving  the  tack.  In  rough  work  the  tack  is 
unnecessary,  the  stake  itself  answering  every  purpose. 

208.  Guard-stake.  A  stake  driven  partly  into  the  ground, 
a  foot  or  so  from  the  station,  so  that  the  station  itself  may  be 
easily  found  and  identified.  The  station  number  should  be 
marked  on  it  from  the  top  towards  the  bottom,  and  the  stake  should 
be  driven  on  the  left  of  the  transit  line,  so  that  the  number  may 
be  easily  read  as  one  walks  along  the  line.  If  it  is  driven  at  a 
slant  (with  top  incUned  away  from  the  station),  it  will  not  be 
mistaken  for  the  hub  itself,  and  the  lettering  is  more  easily  read 
than  if  the  stake  is  vertical.  If  for  any  reason  a  guard-stake 
near  a  station  is  likely  to  be  knocked  over,  it  may  be  driven 
a  few  feet  away  and  marked  accordingly,  as,  for  example,  Sta. 
15  (12  ft.  North).  Flat  stakes  are  often  used  for  guard-stakes, 
and  square  stakes  for  hubs. 

209.  Numbering  or  Lettering  Stations.  Stations  are 
usually  niunbered  or  lettered  in  the  order  in  which  they  are 
established,  but  this  is  not  essential.  Numbering  is  better  than 
lettering  where  there  are  many  stations.  In  railway  work  and 
in  some  other  kinds  of  work  the  first  station  is  often  numbered 
zero,  and  the  other  stations  are  numbered  to  indicate  how  many 
feet  they  are  from  zero  measured  along  the  transit  line — one 
number  for  every  one  hundred  feet.  Thus:  15=  1500,  15+50  = 
1550,  15+83.5«  1583.5,  16=1600  feet  from  zero,  and  so  on. 

Remark.  The  surveyor's  crayon  or  "keel,"  used  for  marking  stakes, 
differs  very  much  in  its  water-proof  qualities.  Test  by  marking  a  stake 
and  then  trying  to  wash  it  off.  Make  all  numerals  bold  and  distinct, 
pressing  the  crayon  into  the  surface  of  the  wood. 
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210.  Choosing  a  Place  for  a  Transit  Station.  Do  not  choose 
a  place  fof  a  station  where  the  transit  is  easily  jarred  or  dis- 
turbed. Avoid  stations  close  to  car-tracks,  on  loose  planking, 
Soft  or  marshy  ground,  smooth  pavements,  or  other  places  where 
the  legs  of  the  tripod  are  easily  moved. 

Do  not  choose  a  station  where  the  line  of  sight  will  be  con- 
tinually obstructed  by  passing  wagons,  cars,  or  people,  if  it  can 
be  avoided.  In  a  crowded  city  street  the  surveying  may  have 
to  be  done  very  early  in  the  morning. 

Illustration.  Near  the  Curb  is  a  better  place  for  a  station  than  in  the 
middle  of  the  sidewalk,  and,  where  there  is  much  traffic,  stations  on  the 
same  side  of  a  street  are  better  than  on  opposite  sides.  Avoid  choosing  a 
station  where  it  will  be  destroyed  when  the  work  of  construction  begins. 

211.  Referencing  A  Station.  When  a  station  is  likely  to 
be  used  more  than  once  it  should  be  referenced,  so  that  if  lost 
or  destroyed  it  can  be  restored.  This  precaution  is  especially 
necessary  when  stations  are  where  carting,  excavating,  grading, 
and  other  construction  work  is  going  on.  Three  methocb  for 
referencing  a  point  with  a  tape  are  illustrated  on  p.  54.  The 
third  method,  perhaps,  is  the  one  most  used  in  transit  surveying, 
since  the  four  points  of  reference  can  be  easily  estabhshed  from 
the  station  by  plunging  the  telescope.  These  points  of  reference 
are  usually  stakes  driven  flush,  with  a  tack  to  mark  each  point, 
located  at  random,  but  in  such  a  way  that  the  intersection  of 
the  two  lines  will  be  sharp  and  definite.  The  stakes  should,  of 
course,  be  set  where  they  are  not  likely  to  be  disturbed,  and 
each  one  should  have  a  guard-stake.  A  scratch  on  a  pavement 
or  any  other  well-defined  point  that  would  answer  for  a  transit 
station  may  be  used  for  a  reference-point  in  place  of  a  stake. 
Marks  on  buildings,  nails  in  fences,  and  similar  points  are  often 
used  where  only  a  point  of  sight  is  needed.  ^ 

212.  Questions  of  Judgment.  (1)  What  limits  of  error  to 
adopt,  i.e.,  how  close  to  measure  angles  and  distances.  (2)  Where 
to  run  transit  lines,  i.e.,  the  general  plan  of  transit  lines.  (3) 
Method  of  running  transit  lines:  which  one  of  the  four  to  use. 
(4)  Method  of  locating  details:  which  is  the  best  for  any  given 
case.  (5)  Method  of  keeping  notes:  which  is  the  best  adapted 
to  the  work  in  hand.  These  closely  related  questions  are  dis- 
cussed in  the  succeeding  articles. 

213.  Obstacles  to  Surveying  often  make  it  impossible  to 
do  the  Geld  work  in  the  usual  and  most  direct  way,  and  render 
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it  necessary  to  adopt  extreme  precautions  in  order  to  obtain 
even  an  ordinary  degree  of  accuracy.  A  line  runs  through  a 
tree;  a  distance  is  wanted  between  two  points,  but  a  house-cor- 
ner intervenes;  points  to  be  located  are  inaccessible.  Obstacles 
such  as  these  give  rise  to  special  problems  in  the  use  of  the  tape 
or  the  transit  or  both.  They  may  also  influence  the  surveyor 
in  deciding  some  of  the  questions  suggested  in  the  preceding 
article.  Problems  of  this  kind  which  occur  in  chaining  are 
explained  in  Chapter  VII.  Similar  problems  which  arise  in 
transit  work  are  explained  in  Chapter  XVIII. 

214.  The  Purpose  for  which  a  Survey  is  Made  is  the 
first  consideration  governing  the  field  work.  It  largely  deter- 
mines the  methods  used,  the  data  required,  the  limits  of  error 
adopted,  and  the  general  plan  of  the  field  work. 

Illustration.  If  a  map  is  to  be  made,  ask  yourself  what  will  it  be  used 
for,  and  to  what  scale  will  it  be  drawn?  (See  Art.  11,  p.  6.)  Are  there 
any  measurements  which  as  a  matter  of  record  should  be  more  accurate 
than  the  mere  plotting  of  the  map  requires?  (Art.  70,  p.  44.)  If  work  is 
being  staked  out,  how  will  the  stakes  be  used,  and  how  close  will  the  men 
teho  use  them  work? 

215.  The  Relation  between  Field  Work  and  Office  Work 

is  so  close  that  questions  which  arise  in  the  field  can  often  be 
settled  by  the  bearing  which  they  have  upon  work  in  the  office. 
When,  for  example,  two  or  more  methods  of  field  work  seem 
equally  good,  consider  which  will  require  the  least  office  com- 
putation, or  which  is  the  best  for  plotting.  To  facilitate  office 
work  in  this  way,  by  forethought  in  planning  field  work,  does 
not  mean,  however,  that  it  always  pays  to  do  extra  field  work 
in  order  to  save  office  work.  Since  the  work  of  an  entire  tran- 
sit party  can  often  be  plotted  by  one  man  an  hour  in  the  field 
for,  say,  three  men  may  cost  as  much  or  more  than  three  hours 
in  the  office  for  one  man.  Moreover,  field  work  must  often  be 
done  in  a  limited  time  and  under  favorable  weather  conditions, 
while  the  corresponding  office  work  can  be  done  more  leisurely 
and  regardless  of  the  weather. 

216.  Whefe  to  Run  Transit  Lines  Much  depends  upon 
the  general  plan  of  the  transit  lines,  for  they  form  the  skeleton 
of  a  survey.  While  in  general  it  is  more  important  to  plan 
carefully  for  a  closed  system  of  transit  lines,  especially  if  it  is 
a  complicated  network,  still  even  in  a  random  survey  which 
does  hot  close  unnecessary  work  may  be  bs^n^,  VjqW  ycl  VJw^k 
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field  and  in  the  office,  by  judiciously  choosing  the  location  of 
transit  stations. 

When  possible,  transit  stations  should  be  so  chosen  that  the 
work  of  running  transit  lines,  locating  points  of  the  survey,  and 
plotting  the  map  is  reduced  to  a  minimum.  Before  beginning 
a  survey,  go  over  the  ground  and  note  the  most  important 
features  to  be  located.  Place  transit  stations  where  they  will 
be  of  the  most  use  in  locating  those  features.  If  the  main  pur- 
pose is  to  survey  boundary-lines,  then  a  transit  line  should  run 
near  each  boundary  (but  not  necessarily  parallel  to  it).  If 
buildings  are  to  be  located,  plan  to  have  stations  near  the 
buildings.  Obstacles  often  prevent  a  surveyor  from  running 
his  transit  lines  just  where  he  would  like  to  run  them,  but  he 
can  usually  find  some  good  way  out  of  the  difficulty. 

See  if  the  transit  lines  can  be  run  readily.  Changing  a  sta- 
tion a  few  feet  one  way  or  the  other  may  save  unnecessary  field 
work  or  unnecessary  work  in  plotting.  Make  a  rough  sketch 
of  the  transit  lines  and  see  if  the  system  as  a  whole  is  well  bal- 
anced. Are  there  any  unnecessary  stations?  Are  distances 
between  stations  too  long  or  too  short  for  accurate  sighting? 
Are  there  any  unnecessary  obstacles  to  sighting  or  chaining? 
Half  an  hour  spent  in  choosing  transit  stations  may  save  hours 
of  field  work. 

(a)  Illustration — Boundary  Survey.  Fig.  216  (a)  illustrates  how  field 
work  and  office  work  are  affected  by  the  location  of  transit  lines.     The 

lines  1-2-3-4-5-6-7-1    are   boundary-lines, 

W .J.  and   the    question   is   where  to   run   the 

'^     transit    lines.      They  can   be  located  in 
four  different  ways. 

1 .  To  coincide  with  the  boundary-lines. 

2.  To  form  a  reference  rectangle  ■  sls 
WXYZ. 

3.  To  form  a  polygon  each  side  of 
which  is  parallel  to  and  a  short  distance 
outside  or  inside  a  corresponding  bound- 
ary-line. (This  polygon  is  not  shown  in 
the  figure.) 

4.  To  form  any  convenient  polygon,  as 
.— iy  ABCDEFA. 

(6)  Comparison  of  methods.  (1)  The 
first  method,  theoretically  ideal,  is  often 
impracticable  because  of  existing  fences 
and  other  obstacles.  (2)  The  seconrl  method  facilitates  office  work,  but 
is  often  unsatisfactory  or  impracticable  in  the  field.  (3)  The  third  method 
involves  considerable  extra  field  work  in  establiHhing  each  transit  line  par- 
allel to  the  corresponding  boundary-line.  (4)  The  fourth  method  is  the 
one  most  used.  Its  chief  disadvantage  is  that  neither  the  length  of 
boundary-lines  nor  the  angles  at  the  comers  are  measurecl  directly.  They 
can  be  easily  found,  however,  by  computation,  and  if  desired  the  lengtlui 
of  the  boundary-lines  may  be  measured  in  aflclition. 
^oU.  A  hfth  method  sometimes  used  is  discussed  on  p.  141, 
C^J  TAe  choice  of  etationa  and  its  effect  on  &eld  work  aud  office  work  are 
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farther  illtistrated  in  the  polygon  ABCDEFA.  Notice  that  station  B  was 
so  choeen  that  <iro  comers.  3  and  4, could  be  located  from  it,  and  that  when 
the  transit  was  at  C  station  D  and  E  were  established  "in  line."  In  this 
way  a  five-sided  polygon  is  made  to  answer  in  place  of  a  seven-sided  poly- 
gon, and  a  corresiK>nding  gain  in  both  fiel  1  work  and  office  work  is  the 
result. 

(d)  The  rdation  between  field  work  and  office  work  discussed  on  page  149  is 
illustrated  bv  the  third  and  fourth  methods.  Suppose  that  the  lengths 
of  the  boundary-lines  and  the  angles  at  the  comers  are  required.  If  the 
fourth  method  is  used,  they  must  be  computed.  I.-^  it  worth  while  to  save 
this  extra  office  work  by  running  parallel  transit  lines  according  to  the 
third  method?  The  computation  involves  finding  one  unknown  side  in 
each  of  seven  m)lygons.  For  example. -if  the  lengths  and  direction**  of 
the  lines  2A,  AF,  and  F\  are  known,  the  length  and  direction  of  the  miss- 
ing side  1-2  can  be  compute<l.  (See  Part  II.)  In  the  polygon  l-F-E-7 
the  missing  side  1-7  can  be  found  in  like  manner.  The  direction  of  1-2 
and  1-7  having  been  determined,  the  angle  2-1-7  is  easily  found.  The 
extra  office  work  involved  is  not  so  much  as  at  first  aj)pears.  especially  if 
tiM  latitude  and  departure  method  l^  used  for  plotting.  It  should  not  exceed 
in  this  particular  case  more  than  two  hours  for  one  man.  If  the  third  or 
parallel-line  method  is  used,  the  extra  field  work  involved  might  easily 
amount  to  more  than  two  hours  for  an  entire  party.  In  city  work  it  often 
pays  to  run  transit  lines  parallel  to  corresiKmding  street  lines,  but  with 
this  exception  the  third  method  is  not  generally  favored- 

217^  Methods  of  Running  Transit  Lines  have  already  been 
compared  in  Chapter  XII.  No  definite  rule  can  be  given  for 
choosing  the  method  best  adapted  to  the  work  in  hand,  but 
if  the  advantages  and  disadvantages  of  each  method  as  given 
on  pp.  127  to  130  are  understood,  it  is  not  a  difficult  matter  to 
decide  which  to  use.  In  general  it  may  be  said  that  for  work 
in  the  city  where  accuracy  is  required  and  where  the  magnetic 
needle  is  often  useless,  one  of  the  first  two  methods  (angles  or 
deflection  angles)  is  used.  Angles  can  then  be  measured  by 
repetition  or  in  series.  In  country  surveying  where  local  attrac- 
tion does  not  exist  to  so  great  an  extent,  and  where  less  accuracy 
is  required,  the  azimuth  method  is  often  used,  the  magnetic 
needle  furnishing  an  approximate  check  on  the  azimuths  of  the 
different  lines.  This  method  is  also  especially  adapted  to  stadia 
and  topographic  surveying.  On  the  other  hand,  when  the 
transit-hne  angles  of  a  survey  must  be  measured  by  repetition 
or  when  the  stations  cannot  be  occupied  in  order,  the  azimuth 
method  should  not  be  used.  The  method  of  deflection  angles 
is  used  in  railway  work  and  is  a  favorite  with  many  engineers 
for  other  kinds  of  work.  Its  advantages  are  sometimes  over- 
estimated, e8p>ecially  as  it  is  subject  to  about  all  the  instru- 
mental errors.  The  quadrant  method  has  little  to  commend 
it.  In  extended  surveys  two  methods  are  often  combined. 
For  example,  in  topographic  surveys  primary  stations  are  often 
established  by  triangulation  (a  special  case  of  the  angle  method), 
and  from  these  con  f rolling  stations  secoiidar^  V.t^tv^\V  \\\Nft^  ^^^ 
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run  by  the  azimuth  method.  (See  chapter  op  Topographic  Sur- 
veying.) 

218.  Suggestions  for  Running  Transit  Lines.  Whiehr 
ever  method  of  rumiing  transit  lines  is  adopted,  by  taking  a 
few  simple  precautions  the  transitman  can  be  reasonably  sure 
of  avoiding  serious  mistakes.  Instead  of  depending  entirely 
upon  his  own  care  and  vigilance  he  should  adopt  some  method 
of  procedure  by  which  a  mistake  will  become  self-evident  as 
soon  as  it  is  made.  This  usually  involves  doing  something  a3 
a  check  that  otherwise  would  be  unnecessary,  but  the  extra 
time  required  is  trifling  compared  to  the  assurance  that  his 
work  is  free  from  blunders.  Indeed,  with  his  mind  thus  re- 
lieved from  unnecessary  strain,  the  transitman  will  usi^ally 
work  more  quickly  and  accurately  than  he  otherwise  would. 

Precautions  are  taken  for  two  reasons:  (1)  to  insure  accu- 
racy and  (2)  to  avoid  actual  mistakes  or  blunders.  Sources  of 
error  in  manipulating  the  transit  are  pointed  out  on  p.  9C,  and 
corresponding  precautions  can  be  taken.  Common  mistakes 
in  reading  angles  are  pointed  out  in  Chapter  VIII  and  sun^- 
marized  on  p.  97.  Two  precautions  in  manipulation  to  be 
emphasized  are:  (1)  After  backsighting  try  turning  the  plates 
gently  to  make  sure  that  the  lower  clamp  is  tight  before  taking 
the  foresight.  (2)  After  backsighting  take  the  foresight  on  the 
next  station  at  once,  and  leave  the  side  shots  until  afterwards. 
The  shorter  the  interval  between  backsight  and  foresight  the 
less  likely  is  the  instrument  to  be  disturbed. 

Checks.  A  system  of  checks  affords  assurance  that  precau- 
tions have  not  been  in  vain.  There  are  two  checks  which  may 
be  employed  in  any  method  of  running  transit  lines:  (1)  mag- 
netic bearings  and  (2)  setting  the  vernier  to  see  if  a  line  strikes 
a  given  point  that  it  should  strike. 

(1)  Any  angle  may  be  roughly  checked  by  the  magnetic 
needle  regardless  of  local  attraction  (unless  the  latter  exists 
in  the  transit  or  about  the  person  of  the  transitman),  provided 
the  bearings  of  both  lines  are  read  at  the  same  station,  i.e.,  the 
back  bearing  of  one  line  and  the  forward  bearing  of  the  other. 
Where  local  attraction  does  not  exist,  however,  it  is  better  to 
calculate  bearings  in  continuous  form.     (See  p.  126.) 

In  this  case  make  sure  of  some  correct  magnetic  bearing  at 

the  beginning  of  the  survey  by  reading  the  needle  at  each  end 

o/^  line,  and  assume  this  bearing  as  the  basis  o{  ^U  calculated 
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belkrings  (p.  126).  In  a  closed  survey  the  discrepancy  between 
this  assumed  bearing  and  the  calculated  bearing  of  the  same 
line  is  the  error  in  the  sum  of  the  interior  angles,  an  error  which 
tiiay  also  be  detected  by  the  check  on  p.  119. 

(2)  After  measuring  any  important  angle  the  vernier  may 
be  set  at  zero  to  see  if  the  line  of  sight  still  strikes  the  back- 
si^t.  In  this  way  If  the  clamp  has  slipped  or  a  wrong  tangent- 
screw  has  been  turned  or  the  transit  has  been  disturbed,  the 
movement  of  the  lower  plate  becomes  evident.  A  slight  devia- 
tion from  the  original  backsight,  due  to  inaccuracy  in  setting 
the  vernier,  is  of  course  to  be  expected.  The  work  will  be  fa- 
cilitated if  a  p>ermanent  backsight  is  established. 

When,  in  addition  to  the  usual  angle,  side  shots  have  been 
taken,  before  leaving  the  station  the  vernier  may  be  set  at  the 
original  angle  reading  to  see  if  the  line  of  sight  strikes  the  fore- 
sight. This  is  a  double  check:  (1)  any  movement  of  the  lower 
plate  while  the  side  shots  were  being  taken  becomes  evident, 
and  (2)  any  mistake  in  the  original  angle  reading  is  likely  to  be 
detected. 

219.  Methods  of  Procedure  in  Running  Transit  Lines. 
Method  of  procedure  implies  systematic  precautions  and  checks, 
such  as: 

(1)  Pl^cautions  in  the  manipulation  of  the  transit,  p.  95. 

(2)  Precautions  in  reading  angles,  p.  96. 

(3)  Precautions  to  eliminate  instrumental  errors  of  adjust- 
ment and  of  faulty  graduation  or  construction,  pp.  99-101. 

(4)  Precautions  to  prevent  or  forestall  slignt  displacement 
of  the  transit. 

(5)  Checks  to  detect  displacement  of  the  instrument  or  mis- 
takes in  manipulation.  _ 

(6)  Checks  to  detect  mistakes  in  reading  angles. 

Any  method  of  procedure  may  be  used  which  accomplishes 
the  desired  result  without  waste  of  time,  but  it  is  wise  to  adopt 
some  one  method  and  stick  to  it,  for  then  in  many  of  the  opera- 
tions the  mind  will  come  to  work  automatically,  which,  in  itself, 
is  an  efficient  means  of  avoiding  mistakes.  It  will  be  found 
necessary,  however,  to  adopt  different  methods  of  procedure 
corresponding  to  the  four  methods  of  running  transit  lines. 

Those  suggested  in  this  article  are  adapted  to  ordinary  work 
where  great  precision  is  not  required,  and  each  method  should 
be  modiBed  to  suit  conditions.    When  piodwdt^^  «>Vc^\^\»  \\wfc% 
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the  best  check  is  that  furnished  by  the  method  of  double  re- 
verse (p.  92). 

Remark. — Surveyors  dififer  as  to  minor  details,  but  there  is  a  general 
agreement  as  to  tne  value  of  having  a  fixed  method  of  procedure.  Those 
outlined  below  are  likely  to  seem  somewhat  intricate  to  the  student,  and 
hardly  worth  while  following  in  all  their  details,  but  this  is  apt  to  be  the 
case  where  any  operation  in  the  field  is  described  in  print.  As  a  matter 
of  fact  the  methods  are  simple,  and  after  a  little  practice  the  extra  steps 
taken  as  precautions  or  checks  become  instinctive.  This  book  contains 
no  better  "pointer"  for  inexperienced  transitmen  than  this:  Adopt  some 
method  of  procedure  weU  adapted  to  your  work  and  stick  to  itinaUita  details; 
it  will  save  mistakes,  relieve  the  mind  of  unnecessary  strain,  and  inspire 
confidence  in  results. 

Methods  of  procedure  corresponding  to  different  methods  of 
running  transit  lines  are  given  below.  In  each  case  the  method 
of  procedure  indicates  what  the  transitman  actually  does  at 
any  one  station,  from  the  time  he  has  finished  setting  up  the 
transit  until  he  is  ready  to  move  to  the  next  station.  The  extra 
steps  taken  as  checks  or  precautions  are  indicated  in  italics  to 
distinguish  them  from  those  that  are  absolutely  necessary. 

220.  Method   of   Procedure  for   Direct-angle   Method. 

Suggestions.  (1)  Use  a  transit  graduated  clockwise  from 
0°  to  360°  and  take  all  angles  clockwise:  saves  confusion  in 
reading  and  recording  angles.  (2)  Invariably  read  the  A  vernier, 
consulting  the  B  vernier,  if  at  all,  merely  as  a  check:  avoids 
mistakes  of  180°  in  reading  angles. 

(a)  Method  of  procedure  when  angles  are  not  doubled. 
(1 )  Set  the  A  vernier  at  360°, — or,  if  at  zero,  make  sure  that  it  is 
the  zero  corresponding  to  360°.     (See  p.  75.) 

(2)  Backsight;  glance  to  see  if  A  vernier  is  still  at  zero;  see  if 
the  back  hearing  agrees  with  the  forward  hearing. 

(3)  Test  to  see  if  clamps  are  tight;  foresight  immediately  on 
the  next  station  before  the  transit  is  likely  to  be  disturbed; 
establish  a  permanent  foresight. 

(4)  Read  and  record  the  angles. 

(5)  Read  and  record  the  forward  hearing  {from  the  needle). 

(6)  Calculate  and  record  the  forward  hearing  and  see  if  it  agrees 
with  the  magnetic  hearing. 

(7)  Take  all  side  shots. 

(8)  Set  the  vernier  at  the  original  angle  reading  and  see  if  the 
line  of  sight  strikes  the  permanent  foresight.    (Double  check.) 

Comments.  Instead  of  relying  upon  the  needle  for  a  check,  the  transit- 
line  angle  and  any  other  important  angle  mav  be  doubled:  this  is  the 
surest  check.  If  the  extra  time  required  for  doubling  angles  is  not  war- 
ranted and  it  is  desired  to  use  the  needle  as  a  check,  the  azimuth  method 
is  better  adapted  to  the  purpose,  provided  stations  can  be  occupied  in 
regular  order. 

(d)  Method  of  procedure  when  angles  are  doubled.    The 
£rst  four  steps  are  the  same  as  in  the  precedmg^  ixieWiod  e^iCiept 
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that  no  attention  is  paid  to  the  needle  in  hacksighting,  and  a 
permanent  backsight  is  established  in  (2)  instead  of  a  permanent 
foresight  in  (3). 

(5)  Double  the  angle;  record  the  double  value,  and  see  if  it 
agrees  with  the  single  reading. 

(6)  Set  the  A  vernier  at  360°  again,  backsight  as  b^ore,  and 
take  all  side  shots. 

(7)  Set  the  vernier  at  360°  to  see  if  the  line  of  sight  strikes  the 
backsight. 

221.  Method  of  Procedure  for  Deflection-angle  Method. 

Suggestion.  Use  a  transit  graduated  according  to  the  quad- 
rant method  (see  p.  75),  and  make  sure  that  the  line  of  col- 
limation  is  in  adjustment. 

(a)  Method  of  procedure.  (1)  Set  the  A  vernier  at  0°; 
glance  at  the  B  vernier  to  see  that  it  is  opposite  180°  {and  the  corre- 
sponding 0°). 

(2)  Backsight;  glance  to  see  if  the  A  vernier  is  still  at  0°;  see 
if  back  bearing  agrees  with  forward  bearing. 

(3)  Test  to  see  if  clamps  are  tight;  plunge;  foresight  imme- 
diately on  the  most  important  point,  usually  the  next  station; 
make  a  mental  note  whether  the  angle  is  '* right"  or  "left"; 
establish  a  permanent  foresight. 

(4)  Read  the  angle  from  the  B  vernier,  verifying  the  direction 
{right  or  left)  previously  noted;  record  the  angle,  making  sure  it 
is  in  the  proper  column  **left^'  or  "right.*' 

(5)  Read  and  record  the  magnetic  bearing. 

(6)  Calculate  and  record  the  forward  bearing,  and  see  if  it 
agrees  with  the  magnetic  bearing. 

(7)  Take  all  side  shots. 

(8)  Set  the  B  vernier  at  the  original  deflection  angle  and  see  if 
the  line  of  sight  strikes  the  permanent  foresight.     (Double  check.) 

(b)  Additiorujl  9ugge8tion8.  (1)  It  makes  no  difference  whether  the 
telescope  is  normal  or  inverted  when  backsight ing  if  the  limb  is  graduated 
in  quadrants  (p.  75).  When,  however,  the  limb  Is  graduated  according 
to  the  half-circle  method  (p.  73)  make  it  a  point  to  have  the  telescope 
inverted  when  backsighting  and  normal  when  foresight  ing,  so  as  to  bring 
the  A  vernier  under  the  eyepiece  when  reading  angles  (p.  73).  In  using 
such  a  transit  a  very  valuable  check  is  to  observe  and  record  both  A  and 
B  vernier  readings:  their  sum  should  always  equal  180°. 

(2)  Some  engineers  double  important  angles  instead  of  relying  upon  the 
needle.  This  also  eliminates  error  in  the  line  of  collimation.  (See  p.  100.) 
In  this  case  establish  a  permanent  backsight  in  (2)  instead  of  foresight  in 

(3). 

(3)  When  calculated  bearings  are  kept  the  following  check  may  be  em- 
ployed: 

Check  on  the  calculated  bearings.  Add  all  angles  to  the  left;  add  all 
angles  to  the  right;  the  difference  of  these  two  sums  applied  to  the  bear- 
ing of  the  first  fine  should  give  the  calculated  bearing  of  the  last  line. 

lUtutration.  1-2  =  N.  42°  18'  E.  2-3  =  16°  21'  (R.),  3-4=18°  20'  (L.), 
4-5=»28°  30'  (L.),  5-6  =  81°  19'  (R.),  6-7  =  8°  11'  (R.).  Hence  bearing  of 
6-7=.(16<»  21'+81°  iy+8°  ll')-(18°  20' 4- 28°  30')  =  59°  01'  to  be  applied 
to  N.  42*»  18'  E.  Since  69°  01'  is  R.  (clockwise)  it  is  added  to  N.  42°  .S'  E. 
and  the  bearing  of  6-7  is  S.  78®  41'  E,  Verify  this  bearing  by  calculating 
it  in  tbe  usual  way. 
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222.  Method  of  Procedure  for  the  Aaimnth  Method. 

Suggestions,  Use  a  transit  graduated  clockwise  from  0°  to 
360°,  and  invariably  read  the  A  vernier.  As  one  advantage  of 
this  method  is  the  ease  with  which  azimuths  are  checked  by 
the  needle,  make  sure  that  the  latter  is  in  good  working  order, 
and  that  proper  precautions  are  taken  in  getting  the  azimuth 
of  the  first  line.     (See  p.  123.) 

(a)  Method  of  procedure,  first  azimuth  method,  p.  121. 
(1 )  Glance  at  the  vernier  to  see  if  it  is  still  set  at  the  forward  azi- 
mvih;  plunge  and  backsight  on  the  preceding  station. 

(2)  Test  to  see  if  the  clamps  are  tight;  plunge;  foresight  on 
the  next  station;  establish  a  permanent  foresight. 

Note.  In  these  first  two  steps  make  it  a  point  always  to  have  the  tele- 
scope inverted  when  backsighting  and  nortnai  when  f oresighting. 

(3)  Read  and  record  the  azimuth;  check  the  azimuth  by  the 
needle  reading,  and  record  this  magnetic  bearing, 

(4)  Take  all  side  shots,  checking  one  now  and  then  by  glanc- 
ing at  the  needle, 

(5)  Set  the  vernier  at  the  forward  azimuth  and  see  if  the  line 
of  sight  strikes  the  permanent  foresight.  If,  as  is  usually  the 
case,  the  line  of  sight  is  slightly  off,  say  the  wid*h  of  the  pole, 
bring  it  on  with  the  upper  tangentnscrew,  thus  automatically 
setting  the  vernier  for  the  next  set-up.  The  vernier  reading 
should  still  agree  with  the  forward  azimuth  originally  recorded. 

(&)  Note,  The  same  system  of  checks  may  be  used  for  the  second  azi- 
muth method  (p.  122).  In  the  above  method  of  procedure  any  movement 
of  the  lower  plate  occurring  between  the  backsight  and  the  first  foresight 
to  the  next  station  would  not  be  detected.  The  check  for  this  would  be 
to  set  the  vernier  at  the  azimuth  of  the  preceding  line,  plun^  iind  see  if 
the  Une  of  sight  strikes  the  backsight.  This  could  be  aone  uumediately 
after  foresighting  on  the  next  station,  or  it  could  be  deferred  until  after 
the  side  shots  were  taken.  When  doubtful  whether  or  not  the  transit  has 
been  oriented  correctly,  set  the  vernier  at  zero:  the  north  end  of  the 
needle  should  point  to  N.  This  is  only  a  rough  check,  but  it  will  disclose 
any  large  error. 

(c)  Note.  In  beginnirg  the  survey  it  b  necessary  to  decide  which  of 
the  three  methods  to  use  in  obtaining  the  azimuth  of  the  first  Uoe.  (0ee 
p.  124.)  Unless  a  north-and-south  meridian  is  chosen,  the  advant^e  de- 
rived from  using  the  magnetic  needle  as  a  check  is  loet,  and  since  in  the 
ordinary  survey  it  does  not  pay  to  establish  a  true  north-and-south  line  ,by 
observation,  a  magnetic  north-and-south  line  is  the  reference  meri<}iaii 
most  often  used. 

(d,)  The  method  of  procedure  for  the  quadrant  method 
(p.  125)  is  simply  a  modification  of  the  method  of  procedure  for 
the  azimuth  method,  and  will  suggest  itself  after  studying  tb© 
preceding  article. 

223.  Methods  of  Locating  Details  have  been  given  in  the 

preceding  chapter.     The  two  most  used  are  the  method  by 

an^le  a?td  distance  and  the  method  of  offsets,  but  one  of  the 

other  five  methods  can  often  be  used  to  advaiv\.a^<b,    TVyfe  ^jcr 
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CiXtSLCy  required  will  frequently  help  to  determine  which  method 
to  employ.  When,  so  far  as  accuracy  is  concerned,  there  seems 
to  be  no  choice,  it  is  usually  a  question  of  time.  If,  for  exam* 
pie,  the  transitman  is  busy  and  the  chainmen  are  not,  it  may 
save  time  to  locate  a  point  by  some  method  w^hich  does  not 
involve  the  measurement  of  angles.  For  the  same  reason, 
methods  of  locating  details  which  save  unnecessary  ''set-ups" 
of  the  transit  are  often  used.  (See  p.  140.)  Sometimes  the 
surveyor  is  practically  limited  to  one  method,  as,  for  example, 
in  locating  inaccessible  points  by  angles  (p.  137)  or  in  locating 
irregular  lines  (such  as  river  banks)  by  offsets  (p.  139).  Some 
obstacle  to  measurement  or  to  the  line  of  sight  often  compels 
the  use  of  a  method  different  from  the  one  which  would  ordi- 
narily be  used,  as,  for  example,  in  locating  a  point  on  the  fence- 
line  (p.  136).  If  the  student  will  acquire  a  working  knowledge 
of  aU  the  methods  of  locating  details  explained  in  the  preced- 
ing chapter,  he  will  soon  learn  by  actual  experience  which 
method  to  chose  in  any  given  case. 

In  locating  any  detail  select  points  which  will  best  serve  the 
purpose.  Thus,  for  example,  in  locating  a  building  choose  a 
long  side  in  preference  to  a  short  side,  so  that  the  corners  located 
may  be  as  far  apart  as  possible. 

Do  not  locate  points  unnecessarily.  For  example,  do  not 
locate  both  rails  of  a  track,  but  take  points  on  the  gage-line  of 
one  rail,  and  make  a  note  of  the  gage.*  Sometimes  it  is  better 
to  locate  the  center-line  of  track,  as  is  done  in  staking  it  out. 

In  filling  in  the  details  of  a  survey  it  is  often  a  waste  of  time 
to  take  all  measurements  with  equal  accuracy.  It  is  far  better 
to  keep  in  nund  what  each  angle  or  distance  will  be  used  for, 
and  measure  it  with  corresponding  accuracy.  Measurements 
required  solely  for  plotting  may  be  taken,  as  a  rule,  with  less 
precision  than  those  needed  for  permanent  record,  and  meas- 
urements taken  to  fix  the  position  of  an  object  are  usually  less 
important  than  measurements  of  the  object  itself.  This  is 
especially  true  if  the  scale  of  the  map  is  small.  Thus,  for  ex- 
ample, suppose  that  several  buildings  stand  on  a  piece  of  land. 
The  niap  will  be  plotted  to  a  scale  of  1  inch  =  50  ft.  An  error 
of  J  ft.  in  the  relative  positions  of  the  buildings  will  hardly 
show  on  the  map.  Measurements  made  solely  for  plotting  the 
buildings  and  the  comers  of  the  boundaries  could,  therefore,  be 

*Tbegage-Une  is  a  line  on  the  inside  oi  t\ve  xaW  V  V>e\aNR  WviVo^. 
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made  to  the  nearest  foot.  On  the  other  hand,  if  the  dimensions 
of  the  buildings  and  the  lengths  of  the  boundary-lines  are  to  be 
recorded  on  the  map,  or  are  to  be  preserved  elsewhere  as  a  mat- 
ter of  record,  they  should  be  measured  with  greater  accuracy. 
Rough  measurements  will,  of  course,  suffice  for  indefinite  de- 
tails, such  as  banks  of  streams  or  stone  walls,  and  for  temporary 
objects,  such  as  walks  and  driveways. 

Locating  street-lines.  In  the  larger  cities  it  is  customary  to 
set  stone  monuments  or  merestones  at  street-comers,  thus  mark- 
ing the  intersection  of  street-lines.  In  small  towns,  however, 
and  in  country  highways  the  surveyor  must  often  depend  upon 
existing  fences  or  upon  whatever  information  he  can  gather 
from  old  maps,  old  landmarks,  and  other  sources.  On  the  other 
hand  it  cannot  be  taken  for  granted  that' existing  fences  are 
on  the  street-lines,  for  it  is  a  common  experience  to  find  that 
they  are  not. 

Practical  suggestions.  (1)  When  a  definite  object  such  as  a  building  is 
located,  remember  that  the  work  is  not  completed  until  the  object  is 
"measured  up,"  i.e.,  enough  dimensions  obtained  to  plot  it.  (2)  If  the 
two  ends  of  a  boundary-Une  are  located,  it  is  a  good  rule  to  measure  the 
actual  length  of  the  Une  as  a  check  and  as  a  matter  of  record.  (3)  Tran- 
sitman,  note-keeper,  and  chainmen  must  all  cooperate  to  prevent  the  too 
common  mistake  of  measuring  to  one  point  of  an  object  and  then  through 
carelessness  taking  the  angle  to  some  other  point  or  vice  versa.  (4)  A 
common  mistake  in  note-keeping  is  to  interchange  the  angles  or  the  dis- 
tances to  two  points  so  that  the  angle  to  one  point  and  the  distance  to 
another  point  are  recorded  as  if  they  were  taken  to  the  same  point.^  (5)  In 
measuring  from  a  transit  station  to  a  number  of  near-by  points  it  is  well 
to  have  the  zero  end  of  the  tape  at  the  station.  If  the  tape  is  not  grad- 
uated to  decimals  of  a  foot  throughout,  but  only  the  end  foot  is  subdivided, 
the  chainman  who  is  not  at  the  station  will  simply  read  the  wJiole  number 
of  feet;  the  chainman  at  the  station,  pulling  the  tape  taut,  notes  the  deci- 
mal of  a  foot,  and  after  subtracting  one  foot  from  the  other  chainman's 
reading,  gives  the  final  reading  (p.  34).  (6)  In  taking  a  large  number  of 
side  shots,  sight  occasionally  at  the  permanent  backsight  to  see  if  the 
transit  has  been  disturbed.  (7)  Keep  in  mind  the  relation  between  an- 
gular and  linear  measurement  pointed  out  on  p.  108.  Thus,  for  example* 
one  minute  is  equivalent  to  only  0.03  ft.  at  100  ft.  from  the  transit  or 
0.3  ft.  at  1000  ft.;  likewise  one  inch  at  a  distance  of  100  ft.  from  the  tran- 
sit may  cause  an  angular  error  of  3  minutes,  while  at  1000  ft.  an  inch  is 
equivalent  to  only  15  seconds  (p.  105). 

Question.  If  a  corner  of  a  building  is,  say,  50  ft.  from  a  transit  and  the 
building  is  to  be  plotted  to  a  scale  of  l''  =  100  ft.,  can  the  angle  to  the 
comer  be  read  from  the  limb  with  sufficient  accuracy  for  plotting,  ignor- 
ing the  vernier  reading? 

224.  Staking  Out  Work,  i.e.,  setting  stakes  for  construction, 
is  the  reverse  of  locating  objects  which  already  exist;  hence  much 
that  applies  to  the  location  of  details  applies  to  this  kind  of 
work  also.  The  chief  difficulty  that  the  young  surveyor  en- 
counters is  in  knowing  what  stakes  will  be  needed  by  the  con- 
tractor.  This  irnowJedge  is  best  gained  from  long  experience, 
from  conversation^  with  foremen,  and  ironx  a^ctMaX  oVi^TvaXAGTv 
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of  what  is  actually  needed  in  various  lines  of  construction.  Each 
piece  of  work  is  a  problem  in  itself,  but  a  few  general  suggestions 
may  be  given  which  apply  to  neariy  all  kinds  of  work.  In 
Chapter  XVII  a  number  of  examples  of  special  work  in  staking 
out  buildings,  roads,  bridge  piers,  and  other  objects  show  how 
these  suggestions  are  carried  out  in  practice. 

General  suggestions.  (1)  It  is  better  to  give  a  few  points  which  will 
determine  the  main  lines  of  a  structure  than  to  give  so  many  points  that 
they  are  likely  to  be  confused ;  hence  do  not  give  lines  which  tne  foreman 
can  easily  establish  for  himself. 

(2)  Where  excavation  is  required  it  is  often  best  to  give  lines  roughly 
at  first  for  digging, — ^more  accurately  afterwards.     (Art.  265,  p.  208.) 

(3)  Set  stakes  where  they  are  least  likely  to  be  disturbed  during  con- 
struction, yet  near  enough  to  the  object  so  that  they  are  convenient  for 
use. 

C4)  For  buildings,  masonry  structures,  and  certain  other  kinds  of  work 
where  elevations  as  well  as  lines  are  required,  batter-boards  are  used  in 
place  of  stakes.     (See  Art.  265,  p.  208.) 

(5)  Any  important  point  which,  if  destroyed  during  construction,  could 
not  be  re-established  readily  should  be  referenced  (p.  148).  This  may  often 
be  done  by  setting  nails  or  marking  points  where  lines  prolonged  strike 
neighboring  fences  or  buildings.     (See  Fig.  206  (a),  p.  210.) 

(6)  So  far  as  po.s8ible  follow  a  uniform  system  of  giving  points,  even  for 
different  contractors:  saves  confusion  in  the  office  and  in  tne  field.  Thus, 
for  example,  in  staking  out  a  long  retaining-wall,  do  not  set  stakes  a  cer- 
tain distance  in  Jront  of  a  neat  line  at  one  place  and  back  of  it  at  some 
other  place,  but,  if  possible,  set  stakes  at  the  same  distance  on  the  same 
side  of  the  same  neat  line  throughout  the  length  of  the  wall. 

(7)  So  plan  the  location  of  stakes  and  points  that  no  serious  delay  will 
follow  if  one  here  and  there  is  knocked  out  or  covered  up,  or  rendered 
useless  for  purposes  of  sighting  by  intervening  piles  of  material.  One 
method  of  accomplishing  tnis  is  to  plan  for  at  least  two  different  ways  of 
arriv-ing  at  or  locating  each  important  point.  In  large  works  of  construc- 
tion such  a  plan  is  of  great  advantage,  and  saves  work  which  would  other- 
wise be  necessary  in  referencing  points. 

(8)  A  sketch  in  the  field  notes  should  show  the  location  of  all  important 
stakes  and  reference  points  so  clearly  that  they  can  be  found  and  used 
by  a  surveyor  who  did  not  see  them  set. 

(9)  Have  some  good  system  of  marking  the  stakes  themselves,  one 
readily  understood  by  the  contractor.  Suggestions  for  marking  grade- 
stakes  will  be  found  in  the  chapter  on  Leveling, — Field  Work. 

225.  Field  Notes.  In  the  next  chapter  some  of  the  forms 
of  field  notes  used  in  transit  surveying  are  given,  and  the  dif- 
ferent methods  of  keeping  notes  are  discussed.  It  is  not  so 
important  which  method  is  used  as  it  is  essential  that  the  notes 
be  clear  and  self-explaining,  so  that  any  intelligent  draftsman 
can  plot  them.  There  is  little  excuse  for  notes  so  obscure  and 
confused  that  only  the  man  who  took  them  can  understand 
them. 

226.  Errors  and  Limits  of  Error.  To  come  within  a  given 
limit  of  error  in  transit  surveying  both  linear  and  angular  errors 
must  be  under  control  within  fixed  limits.  The  most  important 
points  brought  out  in  the  discussion  of  errors  (Chapters  II,  V, 
and  X)  may  be  summarized  as  follows; 
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1.  The  true  error  of  any  measurement  is  never  known,  but 
it  can  be  estimated  from  the  discrepancy  between  duplicate 
measurements  or  from  probable  errors.  The  more  completely 
constant  errors  are  eliminated  the  more  nearly  can  the  precision 
of  the  work  be  estimated. 

2.  Accidental  or  compensating  errors,  as  a  rule,  are  less  im- 
portant than  constant  or  cumulative  errors. 

3.  Not  only  should  the  methods  of  eliminating  or  correcting 
errors  from  diflferent  sources  be  understood^  but  the  relative 
importance  of  the  errors  should  be  known  also.     (Art.  69,  p.  43.) 

4.  Field-work  requirements  corresponding  to  the  aaopted 
limitofeiTor  should  D3  kept  in  mind.     (Art.  76,  p.  51.) 

6.  Consistent  accuracy  implies  the  correlation  of  linear  and 
angular  errors.     (Art.  152,  p.  109.) 

6.  Customary  limits  of  error  should  be  adopted  so  far  as  the 
conditions  governing  a  survey  will  permit;     (p.  46  and  p.  108.) 

7.  Not  all  the  work  of  a  survey  is  done  with  the  same  pre- 
cision. For  example,  an  error  in  the  transit  lines  affects  the  wnole 
survey,  while  an  error  in  locating  a  detail  may  only  affect  a 
single  point;  hence  the  greater  need  of  precision  in  ruhning 
transit  lines.  Make  the  accuracy  of  each  step  in  the  field  work 
correspond  to  its  importance. 

8.  Limits  of  error  should  not  be  followed  blindly.  The  best 
surveyor  is  not  he  who  does  all  his  work  with  great  precision, 
but  he  who  does  it  just  accurately  enough  for  the  purpose  with- 
out waste  of  time  and  money. 

227.  Permissible  Error  of  Closure.  (See  Art.  176,  p.  119, 
for  definition.)  Let  Z=the  difference  between  the  sums  of  the 
north  and  south  latitudes,  and  d  the  difference  between  the 
sums  of  the  east  and  west  departures,  found  by  the  methods 
explained  in  the  chapter  on  Latitudes  and  Departures,  Part  II; 
then  the  error  of  closure  E=y/P-\-d^.     This  error  is  usually 

expressed  as  a  ratio  -5,  whei*e  P  is  the  total  length  of  the  pe- 
rimeter. For  ordinary  transit  work  this  ratio  should  seldom  be 
more  than  1 :  1000,  and  in  city  work  should  average  not  less  than 
1:5000.  In  some  cities  the  limit  is  from  1:10  000  to  1:15000 
for  precise  traverses  with  repeated  angles.  This  is  probably  as 
high  a  degree  of  precision  as  should  be  required  in  traverses  run 
with  a  transit  and  steel  tape. 

A  general  formula  may  be  derived  as  follows:    Let 
TV  =  number  of  sides  to  the  polygon,  also  number  of  interior  angles] 

c  =  coefficient  of  chaining  adopted  for  one  tape-length; 
Ee  =  that  part  of  the  error  of  closure  due  to  chaining ; 
Ea=    "       ••'•♦•       ••      ••       •♦         ••    ••  angular  measurement; 

/=  length  of  tape  ; 
a '=  permissible  error  in  one  angle. 
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Vtom  Art.  71.  p.  i5t 

J?e-C\/iV-cV^ (1) 

Tile  error  for  any  one  side  due  to  angular  measurement  will  be  propor- 
tional to  tl>e  lesgih  of  that  pide  and  henoe  for  the  whole  perimeter  it  will 
be  the  total  angular  error  timet  the  length  of  the  perimeter.  But  from 
p.  110  the  total  error  in  the  sum  of  the  interior  angles  may  be  expected  to 

be  a^yWi  henee  Sm*'ci\/NxP.     8inoe  an  angular  error  of  one  minute  =* 
0.0003  ft., 

^a-0.0003aP\/]V. (2) 

The  error  from  the  combined  sources  from  the  theory  of  errors  may  be 
the  square  root  of  the  sum  of  the  squares  of  the  separate  probable  errors, 
p.  18;  henoe 


'./( ^ 


£-f  (0.0003aP)W  +  «2^ (3) 

In  ordinarjr  chaining  the  second  term  under  the  radical  is  so  small  that 
it  may  be  i^^oi*ed  and  formula  (3)  then  reduces  back  to  formula  (2),  in 
which  form  it  is  usually  used. 

E  =  0.0003aP\/N. (4) 

lUusiration.  Suppose  that  the  permissible  error  for  one  angle  is  15" 
or  i  minute ;  that  the  total  length  of  the  perimeter  of  a  ten-sided  polygon 
is  4000  ft.     The  error  of  closure  should  not  exceed 

0.0003  X  i  X  4000  X  Vio- .as  ft. 

228.  The  Duties  of  the  Different  Members  of  a  Transit 
Party  depend  upon  the  number  of  men  in  the  party.  In  class 
work,  if  the  party  is  composed  of  five  men  the  duties  may  be 
outlined  as  follows: 

The  Chief  of  Party  plans  the  survey  and  directs  the  field 
worlc.  Oftentimes  in  addition  he  acts  as  transitman  or  as  note- 
keeper.  He  should  thoroughly  understand  the  advantages  and 
disadvantages  of  the  different  methods  of  running  transit  lines 
(Chapter  XII  and  Art.  217),  and  be  able  to  choose  wisely  be- 
tween the  dilferent  methods  of  locating  details  (Chapter  XIII 
and  Art.  2^).  He  should  be  familiar  with  the  customary 
limits  of  error,  and  with  the  sources  and  relative  importance  of 
errors  (Chapters  II,  V,  and  X;  also  Art.  226).  In  class  work 
the  instructor  necessarily  decides  most  of  the  questions  which 
are  suggested  above,  but  he  should  discuss  with  the  students 
the  reasons  which  influence  him  in  his  decisions. 

1.  The  NoTBhKEEPEH  often  acts  as  chief  of  party,  and  in 
addition  to  directing  the  field  work  keeps  the  field  notes  in  the 
party  note-book.  During  the  early  part  of  the  course  he  should 
<kl90  r004  Wdih  Qtfk§l0  OS  a  check  on  the  work  of  the  transitman. 
Read  Chapter  HI  for  general  directions  and  cousult  CVv^^^.^^ 
XV  for  the  different  forms  of  transit  notes.    "Paj^  ^^ocW^xsNax 
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attention  to  Special  Directionh  for  Class  Work,  p.  30.  The 
position  of  note-keeper  is  a  responsible  one,  and  upon  his  alert- 
ness and  his  ability  to  keep  good  notes  will  depend  to  a  large 
extent  the  value  of  the  work  done  by  the  whole  party. 

2.  The  Transitman  is  responsible  for  all  work  done  with 
the  transit;  also  responsible  for  any  injury  done  to  the  instru- 
ment either  while  in  use  or  while  being  carried  from  one  place 
to  another.  The  transitman  mtist  not  leave  the  transit  standing 
unguarded.  The  use  of  the  transit  is  explained  in  Chapter  IX. 
Particular  attention  is  called  to  the  following  articles: 

1.  CatUion — to  prevent  injury  to  the  transit,  p.  84. 

2.  Use  of  the  Telescope — focusing  eyepiece,  getting  line  of  sight  quickly, 
etc.,  p.  85. 

3.  Setting  up  the  Transit — hints  for  setting  up  quickly,  pp.  86-89. 

4.  Use  of  Clamps — warning  against  using  wrong  clamps,  p  91. 

5.  Method  of  Double  Reverse — to  prolong  a  straight  une  accurately, 
p.  92. 

6.  Lining  In — sighting  chainmen  or  flagman  in  line,  setting  transit  sta- 
tions, p.  91. 

7.  Measuring  Horizontal  Angles — di£ferent  methods,  pp.  93-95.  Pay 
particular  attention  to  hint  6,  p.  95. 

8.  Measuring  Angles  by  Repetition — especially  doubling  an  angle,  p.  99. 

9.  Reading  Angles — use  of  vernier  and  common  mistakes,  pp.  9G-97. 

10.  Reading  Bearings,  p.  101. 

11.  The  Sources  arid  Relative  Importance  of  Errors  in  Angular  Measure- 
ments (Chapter  X). 

12.  Suggestions  for  Running  Transit  Lines — precautions  and  checks, 
p.  152. 

13.  Methods  of  Procedure  in  Running  Transit  Lines — to  avoid  blunders, 
p.  153. 

14.  Care  and  Adjustment  of  the  Transit  (Part  III). 

3  and  4.  The  Chainmen  are  responsible  for  the  measurement 
of  all  distances.  In  addition  they  may  be  called  upon  to  give 
sights,  drive  stakes,  assist  in  setting  up  the  transit,  and  to 
help  in  other  ways  to  carry  on  the  field  work.  They  are  also  held 
responsible  for  any  injury  to  the  tape.  Directions  for  chaining 
are  given  in  Chapter  IV.  Special  attention  is  called  to  the  fol- 
lowing articles: 

1.  Care  of  the  Steel  Tape — to  prevent  bends,  breaks,  and  rust,  p.  31, 

2.  To  Do  Up  and  Undo  a  Tape — ^in  a  figure  8,  p.  31. 

3.  General  Method  of  Chaining — p.  33. 

4.  Precautions  to  avoid  error  in  reading  odd  feet  and  tenths  of  feet, 
note  (c),  p.  34. 

5.  Setting  Chain-pins — directions  to  insure  accuracy,  p.  35. 

6.  Chaining  on  a  Slope — especially  the  second  method,  p.  36. 

7.  Sources  of  Error,  methods  of  correction  and  elimination,  Chapter  V, 
especially  the  rule  for  the  correction  of  errors  in  the  length  of  the  tape, 
p.  40,  and  the  correction  for  temperature,  p.  40. 

8.  Relative  Importance  of  Sources  of  Error — p.  43. 

9.  Customary  Limits  of  Precision,  and  the  field-work  requirements  corw 
responding  to  diflerent  limits,  pp.  44-53. 

10.  Summari/ — ot  tbinga  which  the  chainmen  should  do  and  should  not 
^o,  p.  37. 
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5.  The  Axeman  or  Flagman  drives  the  stakes  for  transit  sta- 
tions, marks  the  guard-stakes  and  sets  them,  holds  the  transit- 
pole  or  pencil  for  backsights  and  foresights,  and  clears  the  way 
through  underbrush,  when  necessary,  for  the  line  of  sight. 

1.  For  the  method  of  establishing  a  transit  station,  read  Art.  207,  p.  146. 

2.  For  the  method  of  marking  and  setting  a  guard-stake,  read  Art.  208. 
p.  147. 

3.  In  holding  a  transit  (>ole  be  sure  that  it  is  plumb.  Stand  squarely 
behind  it,  and  using  both  hands,  suspend  it  so  that  it  will  swing  freely 
until  it  becomes  plumb,  then  keep  it  there.  Oftentimes  the  vertical  edge 
of  a  building  or  some  other  fixed  vertical  line  will  aid  in  keeping  the  pole 
plimib. 

4.  There  is  a  knack  in  driving  a  stake  plumb;  acquire  it.  Use  a  broad 
flat-headed  hand-axe,  and  strike  squarely  to  prevent  brooming.  When  a 
stake  begins  to  get  out  of  plumb  do  not  bring  it  back  by  striking  one  side 
of  it,  but  "draw"  it  over  by  striking  it  on  the  head  with  a  peculiar  blow, 
in  which  the  axe-head  moves  towards  the  body  as  it  hits  the  stake ;  if  the 
stake  is  not  too  far  down,  pull  it  over  with  one  hand  while  using  the  axe 
with  the  other. 

Remark.  Surveyors  complain  that  axemen  are  either  careless  in  driv- 
ing stakes  or  that  they  do  not  know  how — a  constant  source  of  annoyance. 

5.  If  a  backsight  or  foresight  is  wanted  at  a  station  where  another  tran- 
sit, is  set  up,  hold  a  handkerchief  behind  the  plumb-bob  Une,  keep  the  bob 
from  swinging,  and  see  to  it  that  members  of  the  other  party  are  not  in 
the  line  of  sight.  Another  way  of  giving  a  sight  in  such  a  case  is  to  hold 
a  pencil  on  top  of  the  center  of  the  transit  telescope. 

6.  Do  not  "come  in"  from  giving  a  sight  until  signaled  to  do  so.  Have 
a  clear  understanding  in  regard  to  signals,  p.  146.  _ 


CHAPTER  XV 

TRANSIT  SURVEYIKG— FIELD  NOTES 

In  tile  first  part  of  thia  chapter  three  fiEeneral  methods  ^  keeping  the 
field  notes  for  a  transit  surTejr  are  diseusaed,  ami  thoee  thuyps  Which  are 
esBential  to  good  transit  notes  in  any  form  are  pointed  out.  In  the  second 
part  oi  the  chapter  several  methods  of  keepins  notes  are  illustrated  by 
reproductions  of  actual  field  notes.  A  study  of  these  notcNS  shoiud  also 
resuU  in  a  clearer  idea  of  how  the  methods  ofrunnrng  transit  lines  (Chap- 
ter Xit)  and  of  locating  details  (Chapter  XlH)  are  applied  in  aetyu 
field  work.  The  comments  acecnapanying  the  iUustratMNDs  an)  intended 
to  lead  the  student  to  a  oomparisoii  of  the  differ#nt  metqods  of  field  work 
and  m  keeping  notes,  so  that  ultimately  ne  will  be  better  prep|«ed  to 
ehoose  methods  for  himself,  modify  them,  combine  them,  or  devise  new 
ones  especially  adapted  to  any  work  he  may  have  in  hand. 


229.  Different  Methods  of  Keeping  Field  Notes.  There 
are  many  fonns  of  field  notes  in  common  use,  some  adapted 
to  one  kind  of  field  work,  others  to  other  kinds.  The  best 
method  of  keeping  notes  for  a  given  piece  of  work  is  a  matter 
of  opinion,  and  an  experienced  surveyor  is  likely  to  use  his 
own  method, — one  which  is  ''the  survival  of  the  fittest."  Any 
system  may  be  used  which  results  in  a  clear  and  accurate  record 
of  the  field  work  without  wasting  time.  A  form  of  notes,  how- 
ever, which  saves  time  in  the  field  but  wastes  it  when  it  comes 
to  plotting  is  not,  ordinarily,  an  economical  form  to  use,  al- 
though occasionally  it  may  be. 

It  is  well  to  use  a  system  which  can  be  modified  to  suit  dif- 
ferent methods  of  field  workr  Thus,  for  example,  in  the  second 
part  of  this  chapter  there  is  given  a  form  of  notes  which  not 
only  can  be  adapted  to  any  one  of  the  four  methods  of  running 
transit  lines,  but  which  can  also  be  easily  modified  to  suit  dif- 
ferent kinds  of  surveys,  such  as  a  stadia  survey,  a  compass  sur- 
vey, or  a  transit  survey.  Having  once  become  familiar  with 
some  such  method  of  keeping  notes,  it  is  an  easy  matter  to 
adapt  oneself  to  any  other  method  when  it  becoiries  necessary, 

164 
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230.  Notes  Pertaining  to  the  Transit  Lines  should  be  diA^ 
tinguished  from  all  other  notes  because  the  transit  lines  are 
usually  plotted  first  and  details  afterward.  The  held  notes 
may  be  divided  into  two  parts,  viz.:  (1)  those  pertaining  to  the 
location  of  transit  stations,  and  (2)  those  pertaining  to  all 
other  points.  When  transit  lines  are  run  before  details  are 
taken  (Art.  193,  p.  132)  transit-Hne  notes  may  be  kept  by  them* 
selves  in  compact  form.  When,  however,  details  are  taken  as 
fast  as  transit  stations  are  estabhshed  the  transit-hne  notes  are 
not  kept  separate,  but  are  scattered  along  mixed  with  other 
not^s.  In  that  ease  the  notes  should  be  kept  in  such  a  way  that 
those  pertaining  to  the  transit  line  can  be  picked  out  without 
any  trouble  when  it  comes  to  plotting.  One  way  is  to  letter  all 
tranmt  stations  and  number  all  other  points.  Another  way  is 
to  enclose  transit  stations  in  a  triangle  or  circle.  Still  another 
way  is  to  keep  transit-hue  notes  in  a  separate  column  by  them* 
selves.     (See  Form  3,  p.  172.) 

231.  Three  General  Forms  of  Notes.  There  are  two 
methods  of  keeping  notes  which  are  radically  different,  vis.: 
(1)  The  method  in  which  all  measurements  of  angles  and  dis-» 
tances  are  indicated  on  a  sketch;  (2)  The  method  in  which  no 
sketch  is  used,  but  measurements  are  recorded  in  some  tabular 
form.  The  latter  method  can  be  used  only  where  compara- 
tively Uttle  description  of  the  survey  and  its  details  is  neces- 
sary. (3)  A  third  method  is  a  combination  of  the  other  two  in 
which  some  of  the  data  are  recorded  on  a  sketch,  and  the  re* 
maining  data  are  tabulated.  This  combination  method  is,  per* 
haps,  the  one  most  used. 

232.  The  Tabulated  Form  of  Notes  without  a  Sketch 
can  be  used  to  advantage  for  transit-line  notes  when  kept  by 
themselves,  or  for  recording  a  number  of  measurements  to 
points  or  objects,  all  of  which  can  be  described  just  as  well  with- 
out a  sketch.  In  most  cases,  however,  a  sketch  is  the  easiest 
way  of  making  clear  the  details  of  a  survey.  A  number  of 
tabulated  forms  are  illustrated  in  Art.  241,  pp.  169-175. 

233.  The  Slietch  Method  for  Field  Notes.  When  it  can 
be  done  without  crowding,  there  is  probably  no  better  way  of 
keeping  field  notes  than  by  making  a  free-hand  sketch  with 
all  angles  and  distances  entered  directly  upon  the  sketch.  The 
difficulty  with  this  method  is  that  a  sketch  made  on  the  page 
of  an  ordinary  field  note-book  will  oiten  b^  \.oo  staaJ^  \»  y\q;s\^'^ 
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for  all  the  measurements  in  large,  clear  figures.    In  that  case 
it  is  better  to  resort  to  the  combination  method. 

It  is  not  customary  to  draw  the  sketch  to  scale;  indeed  it  is 
usually  necessary  to  exaggerate  certain  portions  of  it  to  make 
room  for  recording  measurements.  In  some  forms  of  notes  no 
attempt  is  made  to  sketch  outlines  as  they  appear  on  the  ground. 
For  example,  a  crooked  highway  appears  in  the  sketch  as  per- 
fectly straight.    (See  Illustration  VI,  p.  187.) 

234.  The  Combination  Method  of  Keeping  Field  Notes, 
in  the  opinion  of  many  surveyors,  is  the  best  all-around  method. 
A  sketch  can  be  made  on  one  page  and  such  measurements  as 
cannot  conveniently  be  placed  on  the  sketch  itself  can  be  re- 
corded on  the  opposite  page  in  some  one  of  the  tabulated  forms 
in  common  use.  As  far  as  possible  it  is  well  to  put  actual  di- 
mensions and  offsets  on  the  sketch,  while  angles  and  the  cor- 
responding distances  used  for  locating  points  are  put  on  the 
opposite  page.  For  example,  if  a  house  is  shown  in  the  sketch 
it  is  usually  well  to  put  dimensions  of  the  house  on  the  sketch 
itself,  while  angles  and  distances  taken  to  locate  the  comers 
of  the  house  are  given  on  the  opposite  page.  (See  Illustration 
III,  p.  180.) 

Points  on  the  sketch  are  numbered  or  lettered  when  it  is  neces- 
sary to  refer  to  them  in  the  tabulated  form  on  the  opposite 
page.  When  it  can  be  done  readily  it  is  well  to  number  points 
in  order;  for  example,  the  first  one  sighted  at  as  the  telescope 
is  turned  from  the  backsight  is  1,  the  next  2,  and  so  on.  (See 
p.  134.) 

235.  When  should  the  Notes  Read  from  the  Bottom  of 
the  Page  up?  In  railway  surveys  or  highway  surveys  or 
surveys  of  a  similar  character  it  is  more  convenient  to  record 
the  notes  from  the  bottom  of  the  page  up.  This  is  especially 
true  if  the  sketch  method  is  used,  othervNise  the  note-book  must 
be  held  upside  down  to  bring  the  points  in  the  sketch  in  accord 
with  the  points  which  they  represent  on  the  ground.  The  gen- 
eral rule  in  making  a  sketch  is  to  hold  the  book  with  its  top 
toward  the  next  transit  station,  and  if  a  tabulated  form  on  the 
left-hand  page  is  used  in  connection  with  the  sketch,  this  will 
read  from  the  bottom  up  to  correspond.  (See  Illustration  V, 
p.  184.)  On  the  other  hand,  in  the  notes  of  a  closed  survey, 
where  the  entire  sketch  is  on  one  page,  it  may  be  more  con- 

venient  to  tabulate  the  corresponding  notes  on  tbs  opposite 
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page,  so  that  they  will  read  from  the  top  dotmi.    (See  Illustra- 
tion I,  p.  176.) 

236.  What  should  the  Field  Notes  Include?  In  taking 
notes  it  is  well  to  keep  in  mind  (1)  what  will  be  needed  for 
plotting,  and  (2)  what  it  may  be  well  to  have  in  the  note-book 
even  though  it  may  not  be  necessary  for  plotting.  Measurements 
of  angles  and  distances,  sketches  and  explanatory  notes  are  of 
use  in  plotting,  while  the  date  of  the  survey,  names  of  the  men 
in  the  jmrty,  transit  used,  weather  conditions,  and  notes  indi- 
cating methods  of  work  may  be  of  value  as  a  mere  matter  of 
record.    Common  sense  should  guide  one  in  this. 

In  ordinary  work,  for  example,  the  temperature  is  not  re- 
corded because  there  is  no  need  of  it,  but  in  precise  surveying 
it  is  recorded  because  corrections  for  temperature  are  to  be  made. 
A  note  which  gives  the  methods  used  in  a  survey  may  indicate 
the  limits  of  error,  and  if  there  is  a  chance  that  such  informa- 
tion will  be  needed,  it  should  be  given  in  the  notes,  but  in 
the  majority  of  cases  it  will  not  be  needed.  On  the  other 
hand  the  title  of  the  survey,  the  date,  and  the  name  of  the  man 
in  charge  of  the  party  ought  to  appear  in  the  notes  of  every 
survey. 

237.  Allow  Plenty  of  Room;  do  not  Crowd  the  Notes. 
Make  sketches  larger  if  anything  than  may  seem  necessary. 
Usually  there  will  be  more  dimensions  to  put  on  the  sketch 
than  will  at  first  appear;  make  a  generous  allowance  for  this. 
Especially  those  portions  of  a  sketch  where  most  of  the  meas- 
urements are  to  be  shown  should  be  large  and  open  so  that  small 
crowded  figures  may  be  avoided.  Buildings,  for  example,  should 
be  sketched  large  enough  to  provide  for  tlimensions.  If  a  fence 
is  located  by  oflFsets  from  a  building,  make  ithe  fence  in  the 
sketch  far  enough  away  so  that  the  offsets  may  be  recorded  in 
clear  figures,  no  matter  how  near  to  the  building  the  fence  really 
is.  Do  not  tiy  to  put  too  much  on  one  page;  use  several  pages 
if  necessary  for  different  parts  of  a  sketch.  Note-book  paper  is 
cheap  compared  with  time  wasted  in  deciphering  crowded  notes. 

In  tabulated  forms  it  is  better  to  skip  every  other  line  when 
there  is  room,  thus  leaving  space  for  corrections. 

238.  Repeating  Notes  on  Different  Pages.  When  tabu- 
lated notes  extend  over  two  or  more  pages  it  is  customary  to 
repeat  on  one  page  enough  of  the  notes  from  the  preceding 
page  to  make  the  whole  continuous.    TJsuaWy  l\i\^  ijcvfc^w^  ^vcckr 
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fky  to  copy  the  preoediiig  transit  station  (number  or  letter)  and, 
perhaps,  a  transit-line  angle  and  distance. 

239.  General  Sketch  of  Transit  Lines.  When  a  survey  is 
more  or  less  extended  and  the  transit-line  notes  are  scattered 
through  several  pages,  it  is  a  good  plan  to  start  a  sketch  of  all 
the  transit  lines  on  one  of  the  first  pages.  This  sketch,  which 
should  be  completed  as  fast  as  the  field  work  progresses,  will 
show  the  relative  positions  of  the  different  transit  stations  >and 
will  prove  especially  useful  if  there  is  a  more  or  less  intricate 
network  of  transit  lines.  It  is  not  necessary  to  enter  any  meas- 
urements on  this  sketch  at  least  until  the  notes  are  ''worked 
up"  preliminary  to  plotting. 

340.  Five  Things  to  Make  Clear  in  any  Form  of  Transit 
Notes. 

Linear  Measurements,  (1)  Between  which  two  points  each 
measurement  was  taken. 

Angles,  (2)  At  which  station  the  transit  stood  when  an  angle 
was  measured. 

(3)  Which  station  or  point  was  used  for  a  backsight. 

(4)  In  which  direction  (right  or  left)  the  angle  was  measured. 

(5)  To  which  point  as  a  foresight  the  angle  was  taken. 
Illustration.    A  point  2  in  a  transit  survey  was  located  from  a 

transit  line  AB  by  an  angle  of  45^  and  a  distance  of  30  feet. 
In  order  to  plot  the  point  2  the  notes  must  make  elear  whether 
the  angle  was  taken  at  A  or  at  £.  If  taken  at  jB,  then  A  must 
be  entered  as  a  backsight,  the  direction  in  which  the  angle  was 
measured  must  be  understood,  and  finally  2  must  be  recorded 
as  a  foresight.  Should  the  notes  fail  to  make  clear  any  one  of 
these  points,  a  serious  mistake  might  be  made,  as  illustrated  in 
Art.  167,  p.  117.  It  is  especially  irritating  to  find  an  angle 
or  distance  given  in  the  notes  and  yet  not  be  able  to  plot  it. 

If  the  sketch  method  is  used  and  all  distances  and  angles  ara 
indicated  on  the  sketch  exactly  where  they  belong  (see  Illu»^ 
tration  IV,  p.  183),  misunderstandings  are  not  likely  to  occur  in 
plotting — a  strong  argument  in  favor  of  the  sketch  method. 
In  all  tabulated  forms  the  five  points  noted  above  must  be 
made  clear  by  the  column-headings,  by  the  system  of  notation, 
and  by  explanatory  notes  and  sketches,  if  necessary. 

In  an  office  where  the  methods  of  keeping  notes  and  of  taking 

s^grlea  are  always  the  same,  much  in  the  notes  may  be  t-aken 

for  granted.     For  example,  if  it  is  customary   Iq  taoaaure  all 
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angles  clockwise,  it  is  not  necessary  to  record  the  direction  in 
which  angles  are  measured.  It  is  well,  however,  to  print  once 
for  all,  near  the  beginning  of  a  set  of  notes,  some  such  note  as: 
"All  angles  taken  to  the  right  from  a  backsight  on  the  preceding 
SUUion."     (See  Illustration  I,  p.  176.) 

Suggestions.  In  order  to  make  sure  that  everything  in  the 
notes  is  clear  and  unmistakable  try  to  put  yourself  in  the  posi^ 
tion  of  a  man  in  the  office  who  is  not  at  all  familiar  with  the 
ground  covered  by  the  survey,  and  as  you  take  the  notes  examine 
them  critically  from  his  point  of  view,  keeping  in  mind  what 
tiie  notes  will  be  used  for  and  asking  yourself  continually  the 
question:  ''Will  this  be  clear  to  the  man  in  the  office?"  Even 
though  you  expect  to  plot  the  notes  yourself,  remember  that 
things  which  seem  perfectly  clear  to  you  while  you  are  record- 
ing the  notes  may  .become  very  obscure  and  indefinite  by  the 
time  jou  begin  plotting  them.  It  is  a  poor  note-keeper  who 
can  plot  his  notes  only  ''while  they  are  hot." 

Reread,  from  time  to  time,  the  general  suggestions  for  keep- 
ing notes  given  in  Chapter  III. 

Study  the  forms  of  field  notes  given  in  the  next  article,  noting 
the  advantages  and  disadvantages  of  each  method.  Study  also 
the  actual  field  notes  reproduced  on  pages  175-189,  noting  care- 
fully all  the  little  devices  and  methods  for  making  the  notes 
clear  and  immistakable.  The  best  way  to  study  these  notes  is 
to  plot  them.     (See  p.  175.) 

241.  Different  Forms  of  Tabulated  Field  Notes.  When 
the  usual  form  of  field  note-book  is  used  it  is  customary  to  keep 
the  tabulated  notes  on  the  left-hand  page,  which  is  ruled  in  six 
columns  for  that  purpose.  Sketches,  if  there  are  any,  are  made 
on  the  right-hand  page,  which  is  cross-lined  and  can  be  used  as 
plotting-paper  if  desired.  Several  of  the  forms  for  tabulating 
notes  are  given  here.  In  most  cases  each  form  would  be  accom- 
panied by  an  explanatory  sketch  on  the  opposite  page,  but  for 
the  present  these  sketches  are  omitted.  The  column  headings 
and  two  or  three  lines  of  notes  for  each  form  will  illustrate  the 
different  methods,  llie  style  of  let  tearing  used  in  these  illus- 
trations and  in  the  reproductions  of  the  field  notes  which  follow 
is  the  free-hand  single-stroke  system  explained  on  pages  24-30. 
Those  forms  which  read  from  the  top  of  the  page  do\Mi  may 
easily  be  modified  to  read  upward  if  desired. 
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Form  1 

Angle 

Value 

Line 

Length 

BCD 

8r29' 

CD 

280.1 

ac2 

II2V4' 

C2 

85.8 

3-4 

40.0 

iTUerpretation.  Backsight  at  Station  B,  transit  at  Station  C, 
foresight  at  Station  Z),  angle  =89**  29^,  and  distance  from  C  to 
D  =  280'.l.  Same  backsight,  same  transit  station,  the  angle  to 
some  point  2  (not  a  transit  station)  is  112**  14',  distance  from  C 
to  2  =  83'.8.  No  angles  taken  to  points  3  and  4,  distance  be- 
tween them  is  40'.0.  In  this  instance  letters^re  used  for  transit 
stations,  numerals  for  all  other  points.  Corresponding  letters 
and  numerals  on  a  sketch  (not  shown  here)  on  the  opposite  page 
of  the  note-book  complete  the  notes.  All  angles  are  taken  to 
the  right.  For  a  more  complete  illustration  see  Illustration  I, 
p.  176. 

Advantages.  A  simple  and  natural  method  of  tabulating  an- 
gles and  distances.  Easy  to  use  in  the  field  and  not  likely  to 
be  misunderstood  in  plotting.  When  a  system  of  transit  lines 
is  established  first,  and  objects  located  afterward,  this  form 
is  a  very  good  one  for  the  transit-line  notes,  especially  if  there 
is  a  network  of  transit  lines. 

Disadvantages.  The  method  of  giving  an  angle  is  not  self- 
explaining.  A  note  should  make  clear  once  for  all  that  the 
middle  letter  is  the  vertex,  the  first  letter  the  backsight,  and 
the  last  letter  the  foresight.  This  order  is  easily  remembered 
since  the  backsight  (first  letter)  is  the  first  point  sighted  at, 
and  the  foresight  (last  letter)  is  the  last  point  sighted  at  in 
measuring  an  angle.  When  stations  are  numbered  instead  of 
lettered  the  method  may  become  cumbersome,  especially  if 
there  are  plus  stations.  It  would  be  awkward,  for  example,  to 
give  an  angle  thus :   (21  + 14)  (24 + 30)  (30 + 25). 
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Form  2 


Tn 

msif  at 

Sta,C, 

t?acksigtit 

on  Sta  B 

Foresight 

Angle 

Line 

Length 

D 

8^29' 

CD 

280,1 

2 

7/2*'  /4' 

C2 
3-4 

83.8 
40,0 

Interpretation,  This  fonn  differs  from  the  preceding  form  in 
only  one  particular:  the  station  at  which  the  transit  stood  and 
the  backsight  are  noted  once  for  all  at  the  head  of  each  set  of 
angles.     The  third  colmnn  can  be  and  often  is  omitted. 

When  magnetic  and  calculated  bearings  are  kept  the  last  two 
columns  may  be  used  for  that  purpose,  as  shown  on  p.  174.  As 
in  the  preceding  method  it  should  be  noted  that  all  angles  are 
taken  clockwise  from  the  backsight.  Should  it  be  desired  to 
take  angles  right  and  left,  two  columns  headed  '* Right"  and 
"Left"  respectively  may  replace  the  single  column  shown  (see 
p.  173) ,  or  else  R  or  L  may  be  written  after  each  angle. 

Advantages,  When  a  number  of  angles  are  taken  at  each  station 
this  form  has,  in  addition  to  the  advantages  of  the  preceding 
form,  the  merit  of  being  self-explaining:  no  doubt  can  arise 
as  to  which  station  is  the  backsight,  which  the  vertex,  and 
which  the  foresight.  Moreover,  the  form  can  be  used  for  plus 
stations.  This  form,  or  some  modification  of  it,  is  a  very  com- 
mon one.  It  is  especially  useful  in  topographic  surveying, 
where  a  large  number  of  side  shots  are  taken  at  each  station, 
and  where  vertical  angles  are  measured.  By  omitting  the  third 
column  three  columns  are  available  for  recording  vertical  angles 
and  corrected  elevations  or  distances. 

Disadvantages,  When  only  one  or  two  angles  are  taken  at 
each  station  it  becomes  necessary  to  reprint  the  words  "Transit 
at  Sta.  — ,  backsight  on  Sta.  — ,"  on  almost  every  other  line. 
In  that  case  Form  1  is  more  compact  and  convenient. 
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Form  3 


Ang/e 


Distance 


44.6 
40Z 


Transit 
Line 

— A- 


Angle 


t^40'*30' 


Distance 


83.8 


Sta.O 
S80J 

89\29' 

Sta.C 
320J 


i08"l2' 

Sfa,B 
510,6 


Interpretation.  The  notes  are  to  be  read  from  the  bottom  up. 
All  notes  pertaining  to  the  transit  line  are  put  in  a  column  by 
themselves,  each  distance  inserted  between  the  two  stations  where 
it  was  measured,  each  angle  directly  over  the  station  where  the 
transit  stood  when  the  angle  was  taken,  the  backsight  being  the 
preceding  station  below,  the  foresight  the  next  station  above, 
thus:  Backsight  at  Sta.  B,  transit  at  Sta.  C,  foresight  on  Sta.  D, 
angle =89°  29',  distance  from  C  to  D=2S(y.l, 

All  points  that  are  not  transit  stations  are  clustered  around 
the  station  at  which  the  transit  stood  when  they  were  located. 
Thus  points  1,  2,  3,  and  4  were  located  by  angles  taken  at  C  from 
the  same  backsight  on  B,  and  by  distances  measured  from  C.  An 
explanatory  sketch  on  the  opposite  page  is  implied  in  this  case. 

Remark.  Assuming  that  all  angles  were  measured  clockwise,  the  aagle 
4(y*  30'  indicates  that  point  1  is  on  the  left  of  the  line  CD.  It  would  t)e  an 
ipipFOVBment,  therefore,  to  enter  40°  30'  and  28.1  ft.  in  the  left-hand  col- 
umns:  then,  to  be  consistent,  the  measurements  corresponaiug  to  the 
p<^nt8  3,  3,  and  4  should  be  entered  in  the  right-hand  columns.  This 
wouid  be  the  relative  positions  of  the  four  points  if  the  measurements  weF» 
placed  directly  on  a  sketch.      (See  Illustration  VI,  p.  187.) 

Advantages.     Transit-line  notes  are  separate  from  other  notes. 
In  a  survey  progressing  in  one  general  direction,  as,  for  exam- 
ple, the  survey  of  a  highway,  this  form  is  useful,  especially  if 
combined  with  a  sketch  (as  in  Illustration  VI,  p.  187). 
Disadvantages.     Notes  are  not  self-explaining,  more  or  less 
complicated,  and  not  adapted  to  surveys  wYieie  oiA^  ot^s  or  two 
folnts  are  located  from,  each  station. 
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Form  4 

Ang/e 
CDE 

Value 

2)19^44' 
99  ""22' 

Line 
DE 

length 

4/0,8 

Beat  ing 
M(^g,        Cal, 

N26'*J0'E     26'*  24 

2}I48''SS' 

OEF 

74''2ffSQ'' 

EF 

328^ 

N79V5n 

79''3'Z0" 

Interpretation.  This  form  is  a  modification  of  Form  1.  Two 
additional  columns  provide  for  magnetic  and  calculated  bearings. 
Thus,  N.  26°  30'  E.  and  N.  26°  24'  E.  are  the  bearings  of  the  line 
PE,  The  notes  indicate  that  the  angles  were  doubled  by  repe- 
tition^ every  other  line  being  left  blank  to  provide  space  for  the 
arithmetical  work  of  division.     Notes  read  downward. 

The  advantages  and  disadvantages  are  the  same  as  for  Form  1. 

Form  5.    Defi.bction  Angles 


Sta. 

Defl 
Left 

S6''Z4 

?ction 
Right 

Un9  to 

F 

Length 
379.4 

E 

4 1"  18' 

1 

38.3 

D 

ZS'IO' 

E 

220.6 

Interpretation:  One  of  thQ  forms  used  when  deflection  angles 
are  taken  to  the  left  or  right.  Notes  read  from  the  bottom  up. 
For  example,  backsight  at  D,  transit  at  E^  deflection  angle  to 
the  right  of  41°  18'  to  point  1,  distance  from  E  to  1  =  38'.3. 

Advantages,  Right  and  left  deflection  angles  are  in  separate 
oolunms. 

Disadvantages.  If  the  transit  stands  at  any  station  (as  E),  \t 
is  assumed  that  the  backsight  is  on  the  preceding  station  below 
(as  D).  This  is  not  self-evident  from  the  notes;  it  is,  however, 
so  well  understood  in  practice  that  the  disadvantage  is  not  a 
seripus  one.  The  mistake  most  likely  to  occur  in  using  this 
form  of  notes  is  that  of  entering  an  angle  in  the  ^'Left"  column 
whop  it  should  be  in  the  ** Right"  column,  or  vice  versa. 
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Form  6.    Deflection  Angles 


f 

station 
Occupied 

Point 
Sightedat 

Def/ection 
Angle 

Distance 

Bea^  ing 
f^ag.          Cal. 

+20,6 

a 

4l**i8'L 

38.3 

+20.6 

36 

S6''24*R 

N36^30'E 

36^*25' 

32. 

32+20,6 

28''I0'L 

N20''0'ty 

irsQ' 

30 

3Z 

/2VrR 

N8"/S'£ 

a'^/i' 

Interpretation.  This  form  is  similar  to  the  preceding  form, 
except  that  deflection  angles  are  kept  in  one  column  instead  of 
in  separate  columns,  the  letters  L  and  R  denoting  whether  they 
are  taken  to  the  left  or  to  the  right.     Notes  read  upward. 

Advantage.  A  column  is  saved  for  some  other  purpose.  Thus, 
for  example,  two  columns  are  left  in  which  magnetic  and  calcu- 
lated bearings  may  be  entered  separately  if  desired. 

Disadvantage.  If  the  letter  R  or  L  is  omitted  in  any  case  it 
may  cause  trouble  in  plotting.  This  is  more  likely  to  occur 
than  the  mistake  of  entering  the  angle  in  the  wrong  colunm,  in 
the  preceding  form. 

Form  7.    Azimuths 


r 

Line 

Azimuth 

Length 

Mag. 

. 

CD 

I90'*10' 

281.6 

S/OVSW 

DE 

280U8' 

310.8 

r/79V5W 

D2 

ZSI^'/d' 

28.9 

Interpretation.  This  form  is  a  modification  of  Form  1,  p.  170, 
azimuths  being  recorded  in  place  of  angles.  Magnetic  bearings 
are  also  recorded  as  a  rough  check  on  the  azimuths. 

When  many  azimuths  are  to  be  recorded  at  each  station  a 
modification  of  Form  2.  p.  171,  may  be  used,  the  words  "Transit  at 
S^a.  —  ^'  being  placed  above  each  set  of  azimuths.    Backsights, 
o/  course,  are  not  recorded  in  the  notes. 
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Advantages.  This  form  of  notes  is  so  simple  and  self-explain- 
ing that  it  (or  some  slight  modification  of  it)  is  in  general  use 
for  the  azimuth  method.  It  is  especially  useful  for  stadia  notes 
when  a  large  number  of  points  are  to  be  located. 

Form  8.     Bearings 

The  form  used  for  notes  when  transit  lines  are  run  by  bear- 
ings (p.  125)  may  be  a  modification  of  Form  7,  simply  substi- 
tuting a  column  of  bearings  as  read  from  the  vernier  for  the 
column  of  azimuths,  and  keeping  the  other  three  columns  as 
they  are. 

242.  Illustrations  of  Field  Notes.  In  the  following  pages 
several  sets  of  field  notes  are  given;  they  illustrate  not  only 
different  methods  of  keeping  field  notes,  but  also  different 
methods  of  field  work.  The  size  of  a  page  in  the  ordinary  field 
note-book  is  about  an  inch  wider  and  two  inches  longer  than 
a  page  of  this  book.*  Hence  the  notes  are  shown  correspond- 
ingly reduced,  but  in  other  resjyects  they  are  hke  the  original 
field  notes.  They  should  be  studied  from  two  points  of  view: 
(1)  To  see  how  the  methods  of  Chapter  XII  and  XIII  for 
running  transit  lines  and  locating  objects  are  applied  in  actual 
field  work;  (2)  To  gain  a  clearer  idea  of  how  field  notes  are 
kept. 

The  student  is  urged  to  study  the  notes  and  comments  in  the  order  in 
which  they  are  given  and  with  unusual  care.  They  have  been  chosen 
and  arranged  with  the  hope  that  this  may  prove  one  of  the  most  useful 
portions  of  the  book.  It  must  be  borne  in  mind,  however,  that  for  every 
method  of  running  a  transit  line  or  locating  a  point  given  in  the  notes 
there  is  probably  another  metho<l  equally  good  which  could  have  been 
used  instead.  .  Moreover,  the  methods  shown  of  keeping  notes  can  be  and 
are  modified  and  changed  to  suit  the  work  in  hand,  and  the  remarks  in 
Art.  229,  p.  164,  should  be  kept  in  mind. 

It  is  suggested  that  a  most  effective  way  of  studying  the  different  illus- 
trations is  to  actually  plot  the  notes.  If  this  can  be  done  before  going 
into  the  field  it  will  lt>e  of  great  assistance  to  the  student  not  only  in  keep- 
ing notes,  but  in  choosing  methods  for  locating  details. 

*  Note-books  can  be  obtained  in  various  sizes  and  ruled  in  various  wasrs 
for  different  kinds  of  work  Thus,  for  example,  books  may  be  obtained 
for  topographic  surveying  with  the  right-hand  page  specially  ruled  to  facil- 
itate sketching  the  topography.  The  ruling  is  purposely  omitted  in  the 
reproductions  of  field  notes  shown  in  the  succeeding  pages  of  this  chapter. 

It  sometimes  happens  that  notes  taken  in  the  field  must  be  sent  to  the 
office  from  day  to  day  to  be  plotted,  while  the  party  still  remains  at  work 
in  the  field.  DupUcate  notes  are  usually  copied  in  this  ca.«e.  To  avoid 
the  work  of  copying,  special  note-books  with  detachable  leaves  are  some- 
times used,  carbon  paper  being  inserted  in  order  to  ob\,^vci  \.\vj&  ^>\^<i:»Xj^ 
sheets  reqwred  for  the  office. 
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Illustration  I 

Comments  on  the  Survey.  This  is  an  illustration  of  a  survey 
to  determine  the  boundary-lines  of  a  building  lot.  Transit  lines 
are  run  at  random  within  a  few  feet  of  the  fence-lines,  but  not 
parallel  to  them.  There  are  four  transit  stations,  and  each  cor- 
ner of  the  lot  is  located  from  the  nearest  station  by  angle  and 
distance.  Notice  that  in  addition  to  transit-line  measurements 
the  length  of  each  boundaiy-line  was  also  measured,  altfaou^  a 
map  of  the  lot  could  have  been  plotted  without  these  four  meas- 
urements. The  four  angles  at  the  comers  of  the  lot  were  not 
measured, — they  can  be  easily  calculated.  See  Art.  216  (d), 
p.  151. 

Since  angles  were  not  doubled  there  was  apparently  no  check 
on  the  work  until  the  last  or  closing  angle  was  measured.  It 
would  have  been  well  to  calculate  bearings  and  check  them  by 
magnetic  bearings  (p.  126). 

While  the  survey  is  complete  in  itself  no  one  line  seems  to  be 
referenced  with  respect  to  permanent  objects,  so  that  if  any 
three  of  the  four  comers  should  become  obliterated  it  would  be 
dJmcult  to  restore  them.     (See  Art.  260.) 
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Illustration  I 
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Comme^ntB  on  the  Notes.  All  data  pertaining  to  transit  lines 
and  to  the  location  of  corners  from  transit  lines  are  tabulated 
on  the  left-hand  page,  according  to  Form  1,  page  170.  Actual 
dimensions,  i.e.,  lengths  of  property  lines,  are  given  on  the 
sketch  on  the  right-hand  page.  In  this  survey  the  data  are  so 
few  that  they  all  could  have  been  put  on  the  sketch  without 
crowding,  and  hence  the  sketch  method  (see  the  next  illustra- 
tion) would  have  been  the  natural  one  to  use.  Notice  the 
method  of  correcting  the  false  entry  of  127.1  ft.  [See  p.  22,  Art. 
35  (5).  ] 

It  would  have  been  well  to  add  a  note  indicating  the  degree 
of  accuracy  with  which  the  survey  was  made,  as  was  done  in  the 
next  illustration. 

If  any  future  use  is  likely  to  be  made  of  the  magnetic  bearing, 
the  declination  of  the  needle  should  be  given  in  the  notes  if  it 
is  not  already  on  record  in  the  office;  in -any  case  it  should  be 
given  on  the  map. 
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> 
Illustration  II 

Comments  on  the  Survey.  The  lot  surveyed  is  the  same  as 
that  in  the  preceding  illustration.  This  time,  however,  the 
transit  stations  were  chosen  so  as  to  make  each  transit  line 
parallel  to  the  corresjx)nding  boundary-hne,  and  any  conven- 
ient distance  away  from  it:  the  angle  at  each  comer  of  the  lot 
Is  therefore  equal  to  the  angle  between  transit  lines  at  the 
corresponding  station.  No  angles  are  taken  to  the  comers  of 
the  lot,  but  the  boundary-lines  are  located  by  offsets  from  the 
transit  lines,  and  their  lengths  measured  as  usual. 

The  advantages  of  this  method  are  that  the  boundaries  are 
more  easily  plotted  by  offsets  than  by  angles,  and  the  angle  at 
each  comer  is  known  without  computation.  The  disadvan- 
tages are  in  the  field  work  itself.  It  takes  time  to  get  the  tran- 
sit lines  established  exactly  parallel  to  the  fence-lines  even  if 
there  are  no  obstacles  to  measurements  or  to  lines  of  sight. 
When  there  are  obstacles,-  as  there  usually  are,  the  extra  field 
work  involved  is  out  of  all  proportion  to  results  gained.  The 
time  of  the  draftsman  in  computing  *' fence  angles"  is  usually 
less  expensive  than  the  time  consumed  by  a  whole  transit  party 
in  measuring  them.     See  Art.  216  (</),  p.  151. 

Comments  on  the  Notes.  This  is  a  simple  illustration  of  the 
sketch  method  of  keeping  notes.  It  has  decided  advantages 
over  the  method  used  in  the  preceding  illustration  when  so 
few  measurements  are  taken.  Extra  care,  however,  should  be 
taken  to  show  very  definitely  where  each  measurement  belongs. 
This  is  accomplished  oftentimes  by  the  use  of  arrow-heads. 
Notice  that  the  distance  between  each  transit  hne  and  the  cor- 
responding fence-line  is  entered  in  two  places;  this  shows  with- 
out question  that  the  two  are  parallel.  Notice  also  that  the 
distance  between  each  transit  line  and  the  corresponding  fence- 
line  is  greatly  exaggerated  in  the  sketch  to  allow  space  for  re- 
cording the  offset  distances  in  large  clear  figures. 

The  note  telling  what  instruments  were  used  and  the  degree 
of  accuracy  with  which  measurements  were  taken  is  useful  as  a 
matter  of  record,  and  might  have  weight  in  relocating  bounda- 
ries at  some  future  time,  or  in  settling  a  boundary  dispute  should 
one  arise. 
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Illustration  II 
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Illustration  III 

(See  inset  sheet  at  the  end  of  this  chapter.) 

Comments  on  the  Survey,  The  object  of  this  survey  was  to 
locate  the  house,  the  bam,  and  the  property  lines.  The  first 
step  was  to  establisii  transit  stations  where  they  woul4  be  of 
the  most  use.  (See  Art.  216,  p.  149.)  Station  A  was  chosen  in 
such  a  position  that  the  four  nearest  coruers  of  the  house  (1, 
B,  3,  and  4),  two  comers  of  the  bam  (S  and  6),  and  a  comer  of 
the  lot  (7)  could  all  be  located  from  that  one  station.  Stations 
B  and  C  were  chosen  so  that  the  transit  line  between  them 
could  be  used  for  locating  the  river  bank  by  offsets.  Comer 
D  was  chosen  in  any  convenient  position  near  the  southwest 
comer  of  the  lot  (11),  where  both  C  and  A  would  be  visible 
from  D,  A  comer  of  the  house  (10)  was  located  from  D  as  a 
check.  All  points  were  located  by  angles  and  distances  except 
the  point  C  on  CD  and  a  point  on  AB,  54.9  ft.  from  A,  These 
two  points,  one  on  a  line  with  the  front  of  the  bam,  the  other  on 
a  line  with  the  back  of  the  house,  were  located  by  measurement 
as  indicated  on  the  sketch,  merely  as  a  check.  The  location 
of  C  was  unnecessary,  as  the  point  10  served  as  a  check.  It 
will  be  noticed  that  the  transit-line  angles  were  doubled.  The 
calculated  bearing  was  also  kept,  and  the  magnetic  bearing 
observed  for  each  transit  hne.  This  too,  perhaps,  was  an  un- 
necessary precaution  in  view  of  the  fact  that  the  angles  were 
doubled.  Notice  also  that  each  building  was  "measured  up," 
and  the  lengths  of  three  boundary-lines  obtained.  If  for  any 
reason  the  lengths  of  the  boundary-hnes  could  not  have  been 
^leasured  conveniently,  they  could  have  been  calc:ulated.  (See 
p.  151.) 

The  interior  angles  of  the  transit  lines  happen  to  add  up  to 
360°.  This  does  not  mean  that  no  error  was  made,  for  one  angle 
may  be  a  minute  too  large,  another  a  minute  too  small. 

The  criticism  on  p.  176  in  regard  to  permanently  referencing 
some  one  line  of  the  survey  applies  in  this  case  also. 

The  transit  lines  might,  perhaps,  have  been  run  to  better  ad- 
vantage close  to  and  outside  of  the  fence-lines,  provided  there 
were  no  obstacles.  In  that  case  some  other  method  might  be 
used  for  locating  the  buildings  in  place  of  angles  and  distances. 
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Illustration  III  (Continued) 

Comments  on  the  Notes,  The  form  used  corresponds  to  Form 
4,  p.  173.  All  angles  with  corresponding  distances  are  tabulated 
on  the  left-hand  page.  All  dimensions  and  offsets  are  given 
directly  on  the  sketch.  DA  is  the  backsight  for  so  many  angles 
that,  instead  of  repeating  the  letters  DA  in  the  first  column,  a 
vertical  line  is  drawn.  A  vertical  line  is  also  drawn  in  the  third 
column  instead  of  repeating  the  letter  A. 

This  is  a  good  illustration  of  combining  the  sketch  and  the 
tabulated  form  to  advantage.  To  put  all  the  angles  and  dis- 
tances directly  on  the  sketch  itself  would  have  required  con- 
siderable care  to  avoid  crowding;  that  it  can  be  done,  however* 
ia  shown  in  the  next  illustration. 

The  explanatory  notes,  while  not  as  complete  as  would  be 
required  in  many  cases,  are  sufficient  for  this  particular  sur- 
vey. The  note  giving  the  accuracy  with  which  measurements 
were  taken  is  one  often  omitted,  but,  nevertheless,  it  might 
be  of  considerable  value,  should  any  dispute  arise  concerning 
the  boundary-lines. 

The  mistake  of  entering  162**  12'  for  162°  42^  was  probably  due 
to  an  error  (afterwards  discovered)  in  reading  the  angle.  (Omit- 
ting the  half-degree,  see  page  77,  Art.  100.)  The  error  in  record- 
ing 40.5  for  60.5  was  also  probably  due  to  careless  field  work 
and  not  to  careless  note-keeping.  The  chainmen  evidently  read 
the  tape  from  the  wrong  end  and  afterward  discovered  their 
mistake. 

Notice  the  method  of  recording  magnetic  and  calculated 
bearings;  in  this  case  they  could  just  as  well  have  been  recorded 
in  separate  columns. 

In  giving  offsets  it  would,  perhaps,  have  been  better  to  use 
the  system  of  *'pliis**  distances  from  B  instead  of  giving  dis- 
tances between  offsets.  (See  Art.  198,  p.  139.)  There  are  so  few 
offsets  in  this  case,  however,  that  it  makes  little  difference. 

Reference  numbers  are  sometimes  enclosed  thus  (6)  to  avoid 
mistaking  them  for  dimensions. 

In^this  survey  it  makes  little  difference  whether  the  notes  are 
kept  from  the  bottom  of  the  page  up  or  from  the  top  down. 
Since,  however,  in  some  cases  it  is  advantageous  to  keep  the 
notes  from  the  bottom  up,  many  surveyors  prefer  to  keep  all 
notes  in  that  way  for  the  sake  of  umioTtniVj . 
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Illustration  IV 

Comments  on  the  Survey,  The  property  surveyed  is  the  same 
as  that  in  the  preceding  illustration.  The  same  transit  stations 
were  used,  but  the  buildings  were  located  by  a  slightly  di£ferent 
method.  The  two  rear  comers  of  the  house  were  located  by 
finding  two  points,  one  on  the  transit  line  AB,  another  on  CD, 
both  in  line  with  the  rear  of  the  house.  The  distances  from 
each  of  these  two  points  to  the  nearest  comer  of  the  house  and 
to  the  nearest  transit  station  (viz.,  78.7, 36.8  and  94.2,  79.8)  to- 
gether with  the  dimensions  of  the  house,  are  all  the  measure- 
ments needed  to  plot  the  house.  The  angles  and  distances  to 
the  two  front  comers  of  the  house  were  taken  as  a  chedic  (rather 
unnecessarily).  Notice  the  different  methods  of  locating  the 
two  front  comers  of  the  bam.  Other  ways  of  using  one  or  more 
of  the  methods  of  Chapter  XIII  for  locating  fences  and  buildings 
in  place  of  those  that  were  used  will  suggest  themselves  to  the 
student.  It  will  prove  good  practice  to  study  out  as  many 
different  methods  as  possible  that  might  have  been  used  in  this 
particular  case. 

Comments  on  the  Notes,  In  this  case  the  sketch  method  is 
used,  the  sketch  being  made  free-hand  without  the  use  of  even 
a  straight-edge.  All  measurements,  including  angles,  are  given 
on  the  sketch  itself.  Notice  how  the  sizes  of  the  buildings  and 
the  distances  of  the  transit  lines  from  the  fence-lines  are  ex- 
aggerated to  make  room  for  recording  measurements.  In  the 
same  way  the  other  distances  are  exaggerated,  no  attempt 
being  made  to  draw  to  scale,  it  being  far  more  important  to 
have  the  notes  open  and  clear.  When  a  sketch  is  as  clear  as 
this  illustration  the  notes  are  more  easily  plotted  than  if  kept  in 
tabulated  form,  but  it  is  rather  difficult  to  keep  such  a  sketch 
from  becoming  crowded  when  there  are  many  dimensions. 

The  direction,  right  or  left,  in  which  all  angles  were  taken  is 
not  noted.  It  should  be,  imless  previously  noted  elsewhere  once 
for  all. 

Notice  how  the  distance  18.1  ft.  near  the  bam  is  recorded  by 
drawing  an  arrow  and  writing  the  figures  to  one  side.  It  is  fre- 
quently necessary  to  do  this  (just  as  in  making  working  draw- 
ings) when  the  space  where  the  number  is  to  go  is  too  small 
lor  large  clear  figures. 
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Illustration  IV 
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Illustration  V 

(See  inset  sheet  at  the  end  of  this  chapter.) 

Comments  on  the  Survey.  This  is  a  portion  of  the  prelilnhiaiy 
survey  for  an  electric  road.  Boundaries  of  the  highway  through 
which  the  roAd  is  to  run,  houses,  division-fences  or  property 
lines,  bridges,  streams,  and  other  topographic  features  for  a 
oonsiderable  distance  on  each  side  of  the  highway  must  b^ 
located.  The  sketch,  though  not  drawn  to  scale,  represents 
approximately  a  portion  of  the  inap  as  it  will  ^pear  When 
plotted.  Great  accuracy  is  not  required.  Houses,  for  example, 
may  be  located  to  the  nearest  foot.  Property  lines  should  be 
located  with  more  care. 

In  this  illustration  a  number  of  different  methods  were  em- 
ployed for  locating  objects, — a  greater  variety,  perhaps,  than 
would  ordinarily  be  used.  For  this  reason  the  illustration 
should  be  studied  with  more  than  ordinary  care,  ^nce  it  shows 
the  practical  applications  of  so  many  of  the  methods  of  Chapter 
JQII.    The  points  to  be  noticed  are: 

1 .  Stations  are  numbered  as  in  railway  work.     Art.  209,  p.  147. 

2.  All  angles  taken  are  deflection  angles.     Art.  179,  p.  120. 

3.  The  boundaries  of  the  highway  were  located  by  offsets 
perpendicular  to  the  transit  lines  taken  at  irregular  intervals. 

4.  The  fence  at  A  is  located  by  finding  where  if  produced  it 
would  strike  the  transit  line,  and  by  locating  a  point  1  (on  a 
line  with  the  front  of  the  house)  by  angle  (50°  58')  and  dis- 
tance (122.6).     (Method  (a),  p.  134.) 

5.  The  Bond  house  is  located  by  finding  where  one  side  pro- 
duced strikes  the  transit  line  (at  a)  and  then  measuring  the 
tie-Une  (127.8).  (Method  (a),  p.  139.)  This  was  probably  more 
convenient  than  to  set  up  the  transit  at  c  and  measure  the  angle. 
(Method  (6) ,  p.  135.)  Point  1,  already  located  on  a  line  with  the 
front  of  the  house,  serves  as  a  check. 

6.  The  fence  at  C  was  located  by  finding  where,  if  produced, 
It  would  strike  the  transit  line  and,  by  producing  the  front  line 
of  the  house  already  located,  measuring  the  distance  (95.1). 

7.  The  Sykes  house  was  located  from  Station  23  +  89  by  an- 
gles and  distances  to  two  front  corners  (2)  and  (3)  (p.  134). 

8.  The  fence  at  B  was  located  by  two  offsets  (48.5  and  46.S) 
meAsured  on  lines  produced  from  the  front  and  rear  sides  of 

lAe  Sykes  house. 
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9.  The  fence  at  D  was  located  by  the  tie-line  method.  (Method 
(c),  p.  140.) 

10.  The  four  corners  of  the  bridge  (14,  15,  16,  and  17)  were 
located  from  Station  27+9  by  angles  and  distances. 

11.  Each  of  the  points  4  to  13  inclusive  were  located  by  two 
angles  taken  at  stations  23+89  and  27+9  respectively,  with 
the  transit  line  between  these  two  stations  as  a  base-1  ine.  (Method 
on  p.  137.) 

12.  The  fence  at  E  was  located  by  the  tie-line  method,  the 
point  bj  however,  being  taken  on  a  line  with  the  front  of  the 
Morris  house. 

13.  The  fence  at  F  was  located  by  producing  to  a  point  oa 
the  transit  line,  and  locating  another  point  19  from  Station 
30+32.5  by  angle  and  distance.  Afterwards  the  distance  lo  c^ 
a  point  on  line  with  the  house,  was  measured  (69.1). 

14.  The  Morris  house  was  located  from  b  and  c  (already  es- 
tablished on  line  with  its  front)  by  the  distance  from  b,  84.4. 
The  angle  (but  not  distance)  to  one  of  its  corners  (18)  was  taken 
at  Station  30+32.5,  merely  as  a  check.  A  better  check  would 
have  been  to  measure  from  18  to  6. 

Comments  on  the  Notes.  The  form  used  corresponds  to  Form 
5,  p.  173.  The  notes  read  from  the  bottom  up.  Station  30+  32.5 
at  the  top  of  the  left-hand  page  would  be  repeated  at  the  bot- 
tom of  the  next  left-hand  page  to  make  the  tabulated  form 
continuous;  just  as  Station  20+50  was  repeated  from  the  pre- 
ceding left-hand  page.  In  thus  repeating  a  station,  only  the 
deflection  angle  of  the  transit  line  is  given, — no  other  notes 
are  repeated. 

Only  angles  and  corresponding  distances  are  given  in  the  tab- 
ulated foitn.  All  other  linear  measurements  are  entered  di- 
rectly on  the  sketch.  Bearings  are  taken  for  transit  lines  only, 
and  each  is  entered  between  the  two  stations  where  it  belongs. 
Thus,  for  example,  S.  81°  15'  E.  is  entered  between  23+89  and 
27+9,  and  is  the  magnetic  bearing  of  the  line  between  those 
two  stations.    All  bearings  are  understood  to  be  forward  bearings* 

Notice  that  each  piece  of  property  is  marked  with  the  owner's 
name.  In  front  of  the  Morris  house  a  broken  line  indicates  that 
there  is  no  fence. 

In  this  illustration  the  sketch  covers  too  much  ground; 
it  would  have  Ibeen  better  [to  [put  ithe  [sketch  as  far  as  the 
bridge  on  one  page  and  the  remainder  on  a.ivo\)a!et.    \A\KXfcSa. 
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gained  by  sketching  the  highway  as  it  really  is  instead  of 
making  two  straight  lines  represent  the  boundaries.  The  next 
illustration  is  an  improvement  in  both  these  respects. 

In  both  this  and  the  next  illustration  notice  that  the  distances 
to  points  on  the  transit  line  at  which  o£fsets  were  taken  are 
entered  as  **plu8'*  stations  instead  of  measuring  the  actual  dis- 
tances between  successive  points.  This  saves  time  in  the  field 
and  in  plotting  since  several  distances  can  be  measured  or 
plotted  at  one  stretching  of  the  tape  or  at  one  setting  of  the 
scale  as  the  case  may  be.  When  using  this  method  the  dis- 
tance should  be  measured  from  the  last  offset  point  preceding 
each  transit  station  to  the  station  itself,  as  this  is  a  check  on 
the  total  distance  previously  measured  between  the  two  sta- 
tions.    (See  note  p.  139.) 

Notice  that  at  the  top  of  the  page  there  is  a  running  title,  as, 
for  example,  "  Notes  from  20  +  50  to  27 + 9."  This  is  invaluable 
as  an  aid  in  finding  notes  quickly,  especially  when  they  are  in- 
dexed properly. 

Illustration  VI 

In  Illustration  VI  a  portion  of  the  notes  of  Illustration  V 
have  been  reproduced  according  to  the  sketch  method.  All 
notes  pertaining  to  the  transit  line  are  entered  in  the  middle  space 
by  themselves  according  to  Form  3,  p.  172.  This  middle  space 
therefore  represents  the  transit  line  and  may  be  considered  as 
having  no  vndth,  i.e.,  points  on  the  edges  opposite  to  each  other 
actually  coincide  on  the  ground.  Thus,  for  example,  offsets 
marked  23.5  and  47.3  were  really  measured  from  the  same 
point  on  the  transit  line.  Notice  how  the  sides  of  the  highway, 
although  in  reality  curved,  are  represented  by  straight  lines. 
These  lines  were  ruled,  but  all  other  lines  were  drawn  free-hand. 
Compare  this  page  of  notes  with  those  of  Illustration  V  on  the 
inset  sheet  at  the  end  of  this  chapter.  While  it  is  true  that  one 
set  of  notes  seems  as  clear  as  the  other,  it  should  be  kept  in  mind 
that  much  more  of  the  survey  is  included  in  Illustration  V  than 
in  Illustration  VI.  The  notes  of  Illustration  VI,  on  the  other 
hand,  are  probably  easier  to  plot  than  those  of  Illustration  V. 
The  two  illustrations  afford  an  excellent  opportunity  of  com- 
paring  the  sketch  method  with  the  combination  method  of 
keeping  notes. 
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Note:M  angles  ^  on 
this  page  are  Re- 
flection angles. 


J.  E.  ^(«,  Transit/nan 
July  E,  1304. 
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IllustratioIt  Vn 

Comments  on  the  Survey.  The  method  illustrated  in  the  notes 
on  the  opposite  page  is,  perhaps,  the  most  general  method  foi* 
making  a  survey  of  a  city  street.  Station  0  was  found  by  stretch- 
ing the  tape  between  merestones  and  taking  the  middle  point.' 
Station  3+33.4  was  found  in  a  similar  manner,  thus  fixing  the 
center  line  of  the  street.  The  substation  1  +  98  was  set  at  the 
intersection  of  this  center-line  with  a  fence-Hne.  Each  of  the 
other  substations  was  established  at  the  intersection  of  the  center- 
line  with  the  side  of  a  house  produced.  The  method  of  angle 
and  distance  (p.  134)  was  used  for  locating  most  of  the  house- 
comers,  the  backsight  in  every  case  being  from  a  permanent 
sight  on  the  center-hne  produced  beyond  Sta.  3+33.4.  Distances 
between  houses,  front  and  rear,  were  also  measured.  Fence- 
lines  were  located  by  offsets  from  houses,  and  fence-comers  by 
distances  along  the  fence-lines.  Manholes  were  located  by  offsets 
from  the  transit  line,  and  street-car  tracks  by  offsets  from  the 
curb  to  the  gage-line*  of  the  nearest  rail.  The  curved  track 
was  located  by  angles  and  distances  to  points  about  the  same 
distance  apart  on  the  nearer  rail  (p.  136).  Widths  of  sidewalks 
and  widths  from  curb  to  curb  were  measured  and  checked  by 
the  total  measurement  from  street-Hne  to  street-hne.  The  angle 
of  the  street-line  on  Fourth  Ave.  (81°  28')  was  measured  with 
the  transit  at  Sta.  3+33.4,  sighting  on  a  monument  a  block 
away,  but  on  Third  Ave.  the  angle  of  the  street-line  was  found 
by  laying  off  90°,  measuring  100  ft.  on  this  line,  and  then  from 
this  point  measuring  the  offset  to  the  curb-  and  street-line. 
Sometimes  one  of  these  methods  and  sometimes  the  other  can 
be  used  to  advantage. 

Other  Methods.  In  the  above  method  the  distances  from  the 
street-line  to  the  fronts  of  houses  are  not  measured,  and  can  be 
found  only  by  scaling  the  map  or  by  calculation.  A  survey  is 
often  made  to  locate  veranda-lines  and  front  hnes  of  houses, 
and  in  such  a  case  the  best  method  is  probably  that  of  offsets 
measured  from  a  line  run  on  the  sidewalk  parallel  to  the  street- 
hne.  Sometimes  offsets  are  taken  from  the  curb-line  or,  if  there 
are  no  fences  in  the  wav,  from  the  street-line  itself. 

Suggestion.  Where  buildings  are  near  the  street -line  offset-rods  may 
be  used  to  advantage  in  place  of  the  steel  tape.     A  stadia- rod  will  answer 


*  Gage-line  is  the  line  on  the  inside  of  the  head  of  the  rail  i"  below  the 


FIELD  NOTES 
Illostkation  VII 


190  TRANSIT  SURVEYING 

the  purpose.     One  end  of  the  rod  is  held  against  the  building, 
measurement  is  read  at  the  point  where  the  line  of  sight  strikes  tl 

In  a  survey  of  an  entire  city  block  or  of  several  adjacen 
it  is  often  necessary  to  run  transit  lines  on  the  sidewal] 
the  street  or  wherever  they  can  be  established  to  the  best 
tage.  Thus,  for  example,  if  a  transit  line  were  to  b( 
Oak  St.,  it  might  be  advantageous  to  have  the  first  sta 
Union  St.  on  the  left-hand  sidewalk,  and  the  last  sta 
Oak  St.  on  the  right-hand  sidewalk,  thus  making  the  line 
between  the  two  as  long  as  possible. 

Remark.  In  a  series  of  letters  to  the  Engineering  News,  Vol. 
the  following  methods  for  locating  houses  were  advocated  by 
surveyors:  (1)  Plane  table;  (2)  Angle  and  distance  (p.  134);  (; 
method  (p.  138);  (4)  Tie-line  method  (p.  137);  (5)  Eachfrontcorn 
intersecting  distances  (p.  139);  (6)  By  intersecting  angles  (p.  13' 
afaows  the  diversity  of  opinion  regarding  methods  of  location,  i 
oates  that  each  method  has  its  advantages. 

Comments  on  the  Notes.  This  is  an  example  of  the 
method.  Each  angle  is  entered  above  a  line  drawn  fi 
station  to  the  point  sighted  at,  and  the  corresponding  ( 
is  entered  below  the  same  line.  Portions  of  the  hoi 
exaggerated  to  accommodate  dimensions.  Each  house  is 
with  its  street  number,  and  with  W,  S,  or  B  to  denote 
it  is  wood,  stone,  or  brick. 

When  it  is  desired  to  distinguish  between  a  fence  along 
and  the  street-line  itself  the  former  may  be  indicated  h 
line  and  the  latter  by  a  broken  line.  Thus  in  the  sketch 
a  fence  along  the  right-hand  side  of  the  street,  but  only  j 
line  along  the  left-hand  side. 

The  notes  present  a  somewhat  crowded  appearance 
this  respect  they  are  typical  of  city  notes  kept  by  the 
method.  By  using  the  combination  method  all  angles  i 
responding  distances  would  be  transferred  to  the  U 
page,  thus  relieving  the  crowded  appearance,  but  mak 
little  more  difficult  to  plot  the  notes. 
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CHAPTER  XVI 

TRIANGULATION 

The  aim  in  this  chapter  is  to  give  methods  for  simple  triangulation,  such, 
for  example,  as  that  which  forms  the  basis  of  an  ordinary  topographic 
survey.  Many  of  the  suggestions  and  directions  apply  equally  well  to 
the  special  problems  in  triangulation  given  in  Chapter  XvIII.  No  at- 
tempt has  been  made  to  treat  the  subject  as  comprehensively  as  would 
be  required  in  a  work  on  geodetic  surveying. 


243.  Triangulation.  If,  in  any  triangle,  one  side  and  the 
two  adjacent  angles  are  measured,  the  lengths  of  the  other  two 
sides  may  be  computed  by  the  methods  of  trigonometry.  This 
is  the  basis  of  all  triangulation. 

lUuatration.  Problems  in  finding  distances  to  inaccessible  points,  dis< 
tances  between  inaccessible  points,  and  similar  problems  (see  Chapter 
XVIII)  are  examples  of  simple  triangulation. 

244.  In  a  Network  or  System  of  Triangles  the  side  of  some 
one  triangle  is  measured  first,  and  from  this  base-line  and  the 
two  adjacent  angles  the  remaining  two  sides  of  the  triangle  are 
compiUed.  The  calculated  lengths  of  these  two  sides  may  be 
used  as  new  base-lines  for  two  other  triangles,  and  the  calculated 
lengths  of  the  sides  of  these  new  triangles  used  as  base-lines  for 
still  other  triangles.  Thus  the  system  may  be  extended  in- 
definitely. It  is  customary  to  measure  all  three  angles  of  each 
triangle,  but  only  one  linear  measurement  is  made — that  of 
the  original  base-line  in  the  first  triangle.  One  side  of  the  last 
triangle  is  usually  so  located  that  it  can  be  measured;  the  agree- 
ment of  the  measured  and  the  calculated  length  of  this  side 
is  a  check  on  the  accuracy  of  the  whole  work. 

(a)  Illustration.  A  network  of  triangles  forma  the  basis  of  nearly  all 
surveys  covering  large  areas, 'such,  for  example,  as  the  coast  and  geodetic 
surveys  and  other  extended  topographic  surveys. 

(6)  Remark.  When  the  sides  of  the  trianglea  are  so  long  and  the  pre- 
cision required  is  so  great  that  the  curvature  of  the  earth  must  be  taken 
into  account,  the  work  is  no  longer  plane  surveying, — it  is  geodetic  sur- 
veying, p.  2. 

(c)  How  large  areas  may  be  covered  by  triangulation  in  plane  surveying  f 
This  depends,  of  course,  upon  the  required  limits  of  error.  The  error 
which  results  from  neglecting  curvature  is  about  one  foot  in  34^  miles. 
(See  Art.  5,  p.  2.) 

245.  Sources  of  Error  in  Triangulation.  (1)  Poorly  pro- 
portioned triangles.    Angles  less   than  30°  or  more  than  120° 
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should  be  avoided,  not  because  it  makes  any  difference  in  the 
field  work, — one  angle  is  as  easily  measured  as  another, — but 
because  a  given  error  in  a  small  angle  affects  the  computed 
lengths  in  a  triangle  more  than  does  the  same  error  in  an  angle 
which  approaches  90®.  This  is  because  the  tabular  differences 
in  a  table  of  sines  approach  zero  as  the  angle  approaches  90*, 
while  they  are  very  large  for  angles  near  (f  or  180°.  The  ideal 
triangle  is  of  course  an  equilateral  triangle.  It  is  difficult  to 
select  stations  so  that  the  triangles  will  be  properly  propor- 
tioned, yet  this  is  a  very  important  source  of  error  and  one  too 
often  overlooked. 

(2)  Error  in  the  meaaurement  of  the  ba8^h/i€.  Btnoe  an^  error 
in  the  length  of  the  base-line  affects  every  side  of  crveiy  triangle 
in  the  whole  system,  extreme  precautions  are  usually  taken  to 
measure  the  base-line  with  great  precision.     (See  p.  8F.) 

(3)  Errors  in  the  measurement  of  angles.  These  afB  ledueed 
to  a  minimum  by  using  the  method  of  repetition  (p.  99)  or  aeries 
(p.  100),  and  by  taking  other  precautions  (Art.  140,  p,  101)  not 
taken  in  ordinary  work. 

246.  Stations  and  Signals.  Signal  is  a  term  used  in  triaa- 
gulation  to  denote  any  structure  or  object  which  marks  the 
position  of  a  station  and  which  may  be  sighted  upon  from  other 
stations.  It  includes  scaffolds  used  to  elevate  either  the  object 
sighted  at  or  the  instrument  used  in  sighting.  All  sorts  of 
prominent  objects  are  used  as  signals,  natural  and  'Artificial. 
(See  p.  193.)  The  station  itself  is  usually  a  hub  in  the  ground, 
an  iron  bolt  in  a  ledge  of  rock,  or  some  other  definite  mark. 
Permanent  stations  should  be  carefully  referenced. 

247.  Choice  of  Stations.  The  first  considerations  are 
(1)  that  the  triangles  shall  be  properly  proportioned,  and  (2) 
that  the  stations  in  any  one  triangle  shall  be  intervisible.  (3)  \jo- 
cate  them,  as  far  as  possible,  where  they  will  be  most  useful 
either  in  the  location  of  prominent  features,  or  as  starting  and 
closing  points  for  traversing,  or  for  establishing  secondary 
systems  of  triangles.  Among  other  requirements  are:  (4)  Firm 
ground  or  stable  support  for  the  instrument,  free  from  vibration, 
sheltered  from  wind;  (5)  Lengths  of  sight  suited  to  the  telescope 
used;  (6)  The  greatest  possible  area  in  view  in  order  that  a  large 
number  of  substations  may  be  controlled;    (7)  Freedom  from 

atmospheric  disturbances, — for  example,  if  a  line  of  sight  passes 
over  a  bill-top  close  to  the  gro\md  it  will  be  affected  by  the 
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^'boiling''  of  the  air,  or  if  it  passes  near  a  chimnejr  continuAUy 
emitting  smoke  it  may  be  almost  useless;  (8)  Aim  at  the  simpiesti 
befi^balanoed  system  of  triangles  practicable. 

It  is  very  sekiom  that  all  the  above  requimments  can  be 
realized.  Usually  the  surveyor  has  to  take  stations  where  he 
wa  get  them.  The  most  favorable  conditions  for  triangulation 
ftfe  generally  found  in  hilly  country,  with  summits,  eompara- 
tivisly  clear  and  unobstructed,  upon  which  stations  may  be 
established.  The  least  favorable  conditions  are  in  flat  wooded 
country,  where  it  is  either  necessary  to  do  a  great  deal  of  cutting 
or  else  to  build  high  scaffokls  upon  which  to  set  up  the  instru- 
ment. In  cities  stations  may  be  established  on  the  tops  of 
buildings,  and  church  spires  or  other  prominent  objects  may  be 
taken  for  substations. 

A  thorough  reconnaissance  of  the  ground  to  be  covered  is 
essential  in  planning  any  system  of  triangulation,  and  it  pays  to 
give  careful  cbnsideration  to  all  feasible  schemes. 

248.  The  3ftse-Une,     (a)  Location,    Try  to  select  a  place 

for  the  base-line:  (I)  Where  the  ground  is  level  and  well  suited 

for  accurate  measurement;    (2)  Where    the  country  is  open, 

so  that  sights  may  be  taken  in  any  desired  direction  from  each 

end  of  the  line;     (3)  Where    a    system    of  well-proportioned 

triangles  can  be  built  up,  with  stations  which  meet  the  requinBi* 

ments  of  the  preceding  article. 

Remark.  Too  oftea  the  surveyor  will  be  unable  to  find  »  «UAtable  p^aoe 
for  a  base-line,  and  must  overcome  natural  obstacles  as  best  he  can.  Some- 
UroMB  it  is  ftBepasfiry  to  l<ay  out  a  broken  bafie-line  and  ^nd  the  direct  dia- 
tanoe  between  the  two  ends  by  indirect  measurements.  The  required 
dUtance  oorresponda  to  an  omitted  measurement,  and  is  found  by  com- 
putation.    (See  Part  II.) 

Ocoasionally  it  may  be  necessary  to  locate  the  base-line  in  a 
place  where  it  is  impossible  to  establish  signal-stations  at  the 
enxls,  as,  for  example,  on  a  railroad-track.  The  signals  may  be 
established  elsewhere,  and  the  ends  of  the  base  transferred  by 
somue  accurate  system  of  check  measurements.*  In  geodetic 
work  a  comparatively  short  base-line  is  expanded  to  a  compara- 
tively long  side  of  the  first  triangle  in  a  similar  manner  by  a  care- 
fully planned  system  of  smaller  triangles.f  Since  base-lines  can 
be  measured  with  accuracy  greater  than  can  be  sustained 
throughout   the   triangulation,    it   is   customary    to    introduce 

^ 1 m 1 —  ■  .         I       I   _  ■        _■ r^ 

♦  Wilson's  Topographic  Surveying,  p.  524. 
t  Gillespie's  Surveying,  Vol.  II,  p.  lb. 
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new  base-lines  whenever  the  accumulated  errors  are  likely  to 

exceed  the  limits  of  error. 

(6)  The  length  of  the  base-line  will  depend  upon  how  large 

triangles  are  to  be  used.    This,  in  turn,  depends  upon  the  ground 

to  be  covered  and  the  points  where  stations  are  desired.    The 

base-hne  must  be  of  such  a  length  that  properly  proportioned 

triangles  can  be  built  up.    To  adopt  a  base-line  several  hundred 

feet  long  and  make  each  of  the  two  other  sides  of  the  first  triangle 

several  miles  long  is  an  extreme  illustration  of  what  should  not 

be  done. 

Remark.  The  above  holds  true  for  ordinary  simple  triangulation.  For 
extended  systems  short  base-lines  may  be  chosen  and  expanded  as  8ug-° 
gested  in  the  preceding  article. 

(c)  To  measure  the  base-line.  The  steel  tape  is  best  adapted 
to  the  measurement  of  base-hnes,  and  the  method  of  procedure 
is  given  on  page  57.  For  extensive  surveys  elaborate  apparatus 
for  base-line  measurement  is  used.  Among  the  various  forms 
are:  (1)  Contact  apparaiiLS,  or  bars  fitted  with  a  device  for 
bringing  the  ends  in  successive  contacts;  (2)  Optical  apparatus, 
with  fine  lines  near  the  ends  of  each  bar,  and  microscopes  for 
observing  and  setting  the  marks;  (3)  Compensaiing  apparatus, 
intended  to  be  so  constructed  that  the  two  ends  of  each  bar  re- 
main a  constant  distance  apart.  The  steel  tape,  however,  is 
fast  superseding  all  other  forms,  and  practically  nothing  else 
is  used  in  plane  surveying.* 

249.  What  Angles  are  Measured  in  Triangulation? 
When  a  station  is  the  vertex  of  two  or  more  triangles  several 
combinations  of  angles  are  possible.  The  angle  of  each  triangle 
may  be  measured,  then  the  sum-angle  of  any  two  angles  or  any 
three  angles,  and  so  on.  While  this  multiplication  of  measure- 
ments furnishes  more  conditions  for  the  final  adjustment  of  all 
the  angles  at  the  station,  it  is  not  advisable  because  the  extra 
time  required  is  seldom  warranted  by  the  increase  in  the  ac- 
curacy  of  the  results.  It  is  better  to  use  the  time  available  in 
the  careful  measurement  of  those  angles  only  which  will  be 
used  in  the  computations. 

250.  Measurement  of  Angles.  Two  general  methods  are 
in  use  for  measuring  angles  with  great  precision:  (1)  the  method 
of  series  and  (2)  the  method  of  repetition  (pp.  99-100).     The 

*  The  use  of  elaborate  apparatus  comes  under  the  head  of  higher  sur- 
veying.     Cons\At  Wilson,  p.  495,  Gillespie,  Vol.  II,  p.  59,  or  Johnson's  Sur- 
veying. 
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former  method  Is  used  in  geodetic  surveying  where  instruments 
of  great  precision  are  available.  The  method  of  repetition, 
however,  is  most  used  in  ordinary  work,  where  transits  are  seldom 
graduated  to  read  closer  than  2(K'.  Any  method  of  procedure 
should  aim  to  eliminate  instrumental  errors  (p.  104),  and  to  re- 
duce to  a  minimum  all  errors  of  observation.  To  eliminate 
instrumental  errors  the  precautions  of  Art.  140,  p.  101,  should  be 
taken.  A  number  of  methods  of  procedure,  each  of  which  em- 
bodies these  precautions,  are  in  common  use,  but  the  following 
19  recommended: 

(a)  Method  of  Repetition.  The  method,  in  brief,  is  to  repeat 
the  angle  six  times  to  the  right,  inverting  the  telescope  at  the 
end  of  the  third  repetition.  Then,  loithout  resetting  the  vernier 
measure  the  explement  (360** —angle)  also  to  the  right,  with  the 
telescope  still  inverted  for  the  first  three  repetitions,  but  normal 
for  the  last  three.  Theoretically  the  vernier  reading  should 
come  back  to  the  original  setting,  and  the  sum  of  the  two  angles 
(angle  +  explement)  should  equal  360°.  The  discrepancy, 
equal  to  the  difference  between  the  final  reading  and  the  original 
setting,  represents  the  total  cumulative  error  due  to  both  ac- 
cidental and  constant  errors,  and  this  error  has  been  found 
constant  for  a  given  instrument  and  given  conditions  within 
the  probable  error  of  pointing.  It  seems  probable,  therefore, 
that  when  the  angle  and  its  explement  are  each  corrected  by 
half  the  amount  of  the  cumulative  error,  the  errors  from  all 
sources  have  been  as  far  as  possible  eliminated.  This  is  con- 
firmed by  the  fact  that  when  angles  measured  by  this  method 
are  so  corrected  they  are  in  close  accord,  even  though  they  are 
taken  under  conditions  which  give  closing  errors  of  wide  range. 

It  is  to  be  noted  that  the  plates  are  always  turned  in  the  same 
direction,  clockwise,  and  that  there  are  in  all  twelve  repetitions, 
six  for  each  angle,  but  that  the  verniers  are  set  only  once.  Both 
verniers  should  be  read  to  eh'minate  errors  of  eccentricity. 

(6)  Method  of  procedure.  (lUustratedbynotesonp.  197.)  First 
step.  (1)  Set  the  A  vernier  at  0°,  or  at  random,  and  record  the 
reading  of  both  the  A  and  the  B  vernier.  (2)  Take  the  angle  to 
the  right,  record  the  single  reading  as  an  approximate  check,  and 
repeat  two  more  times,  three  repetitions  in  all.  (3)  Invert  the 
telescope  and  continue  the  repetitions  for  three  times,  or  until 
six  repetitions  in  all  have  been  made.  (4)  Record  both  vernier 
readings. 
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Second  step*  Without  resetting  the  Ver&ier,  fneami^  the  ^sib* 
{dement  of  the  angle  clockwise  m  exactly  the  ttOne  way^  trith 
Ihe  telescope  inverted  for  the  first  tlffee  re|)ietitions  and  normi^ 
fdr  the  last  three. 

These  two  crteps  constitute  a  "eet"  and  from  two  to  four  eete 
for  each  angle  are  usually  sufficiefit  in  ordinary  work. 

(c)  Practical  8uggestion8,  (1)  Great  delicacy  of  maoipulatiop  is  required^ 
as  a  sKghtfy^  awkward  touch  will  often  spoil  a  set.  Keep  tbe  nands  off  the 
tripod,  turn  the  plates  gently,  taking  hold  of  the  plate,  net  tbe  telcHMOpe, 
and  do  not  force  the  clamps.  (2)  Notice  that  in  the  first  step  the  Sack- 
sight  is  always  on  the  left-hand  station,  while  in  the!  teeond  step  it  is 
always  on  the  right-hand  station.  Remember  that  the  lower  clamp  and 
tlmgent-sci'ew  are  used  for  backsighting,  p.  91,  and  that  turning  the  wrong 
tangent-screw  will  spoil  a  set.  (3)  Half  the  observations  ^^e  taken  with 
inverted  telescope  to  eliminate,  as  far  as  possible,  errors  in  the  horizon- 
tftUty  of  the  supporting  axis  of  the  telescope  as  well  as  errors  ol  ctolliml^ 
tion.  Hence  do  not  touch  the  leveling-serews  during  the  progress  of  a 
set.  (4)  Be  sure  in  making  all  pointings  to  turn  the  tangent -screws  affainst 
the  opposing  springs.  (5)  With  the  exoeptiou  of  the  single  cheek  r<»ding 
no  readings  are  taken  until  the  six  repetitions  have  been  completed.  Head 
one  row  of  graduations  exclusively^  p.  71.  (6)  This  method  does  6ot  in« 
volve  the  precaution  of  measiu-ing  an  angle  first  to  the  right  and  then  to 
the  left,  but  the  errof  is  allowed  to  accumulate  and  then  is  corrected.  There 
are  several  other  fnethods  of  procedure  in  use  which  do.  involve  this  pre* 
caution,  but  the  method  given  here  is  used  in  the  U.  S  Coast  and  Geooetic 
Survey »  and  is  considered  one  of  the  best  of  the  methods  of  repetition^ 

lUuatration.  The  following  is  an  outline  of  the  work  that  was  done  when 
the  notes  on  the  opposite  page  vrete  taken:  (1)  Set  the  A  vernier  at 
O'O'O";  found  the  rending  of  the  B  vernier  to  be  180*' O'O";  entered 
these  two  readings  on  the  fourth  hne  from  the  bottom  of  the  page,  oppo- 
site A.  (2)  Measured  the  angle  ACB  once  and  recorded  the  single  read- 
ing on  the  second  Une  from  the  bottom,  opposite  ^1;  repeated  the  angle 
five  times  in  addition,  the  last  three  with  telescope  inverted ;  recorded 
both  vernier  readings  (262°  31'  0"  and  72*'  31'  0")  opposite  m.  These 
two  readings  hap{)en  to  agree  in  minutes  and  seconds,  (3)  Allowed  the 
verniers  to  remain  at  these  ttro  readings  (which  are  again  recorded  oppo- 
site B,  three  lines  up  the  page),  backsighted  on  B^  and  made  six  repetitions 
of  the  explementary  angle  BCA ;  recorded  the  two  vernier  readings  (0**  1'  0" 
and  180**  1'  0").  Evidently  the  total  error  whiqh  has  noomnidated  from 
all  sources  is  O**  1'  0".  This  completes  the  field  work  of  the  first  set. 
(4)  Worked  out  the  values  in  the  fourth  column  as  indicated.  Since  the 
readings  from  both  verniers  M^ree  exactly  throughout  the  work  in  this 
first  set,  the  values  in  the  fourth  column  are  exactly  the  same  as  the  corre- 
sppndiiut  values  in  the  second  eolumb  except  2160°  1'  0",  wMoh  was  ob- 
tained by  adding  6X360°  to  0°  1'  0'',  since  the  indicator  has  moved  six 
times  around  the  gtudtiated  drele.  [See  p.  100,  Art.  138(d>.}  (&)  Worked 
out  the  values  in  the  fifth  column.  Since  the  sum  of  42°  5'  10"  and 
317°  55'  exceeds  360°  by  10'',  and  sinee,  presumably,  the  angle  and  its 
expl^nent  were  measmvd  with  equal  precision,  each  value  was  reduced 
5",  the  corrected  values  42°  5'  5"  and  317°  54'  55'  were  recorded  in  the 
fifth  column,  and  the  two  rlilues  we^  finally  added  to  make  sure  that  their 
sum  is  360°. 

The  second  set  was  carried  out  in  exactly  the  same  way  except  that  iH 
the  beginning  the  verniers  were  set  at  random  (26°  20'  30"  and  205°  2^  0") 
in  order  to  avoid  bias  from  the  readings  in  the  first  set,  and  also  to  use  a 
different  portion  of  the  limb.  In  this  set  the  readings  from  the  two  ver- 
niers disagree  in  two  instances  and  hence  the  corresponding  values  in  the 
fourth  column  are  mean  values.  The  value  2185°  20'  45"  was  obtained 
by  adding  6  X  360°  to  25°  20'  45". 

The  v^ues  of  the  required  angle  as  found  in  the  first  and  second  set 
were  42°  5'  5"  and  42°  5'  10",  and  since  no  other  sets  were  taken  the  final 
value  13  the  mean  of  these  two  or  42°  5'  7.5",  as  indicated  in  the  last 
ooJumiL 
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251.  Field  Notes  for  Triangulation.  Many  forms  are  in 
common  use.  The  advantages  of  the  form  on  the  preceding  page 
are:  Only  six  colunms  are  required,  all  arithmetical  work  is 
shown,  and  the  notes  are  practically  self-explaining.  Notice 
the  following  points:  (1)  The  first  three  colimins  are  completed 
in  the  field, — the  last  three  may  be  worked  up  in  the  office. 
(2)  The  vernier  readings  occupy  only  two  lines  for  any  one  angle, 
but  leave  three  lines  at  the  bottom  of  the  page  and  three  between 
angles  for  the  arithmetical  work.  The  notes  are  entered  from  the 
bottom  of  the  page  up  as  a  matter  of  convenience  in  subtracting 
vernier  readings.  (3)  The  fourth  coliunn  is  the  mean  of  minutes 
and  seconds  read  from  verniers  A  and  B.  The  degrees  are  taken 
from  A.  Ignore  the  degrees  in  the  B  vernier  reading:  they  are 
usually  not  recorded  at  all.  When  they  are  recorded,  however, 
they  serve  as  a  check  on  blunders  in  reading  vernier  A.  The 
two  readings  would  be  180°  apart,  provided  there  were  no 
eccentricity.  (4)  The  single  reading  in  the  second  colunm  is 
entered  simply  as  an  apprgximate  check. 

Suggestions.  (1)  Always  enter  at  the  head  of  the  notes  the  station 
occupied  and  the  angles  measured.  {2)  Sketches  of  the  triangulation, 
explanatory  notes,  and  other  data  are  put  on  the  opposite  page.  Data 
pertaining  to  the  weather,  to  atmospheric  conditions,  to  the  kmd  of  in- 
strument used,  etc.,  are  more  important  in  triangulation  than  in  other 
kinds  of  work.  (3)  When  a  set  of  notes  is  manifestly  incorrect  cross 
them  out  neatly  and  write  across  them  "Abandoned"  or  "Incorrect." 

252.  Signals  for  Stations.'*'  In  Fig.  252  is  shown  a  form  of 
signal  which  may  be  used  in  ordinary  work. 
The  requirements  are:  (1)  The  mast  should  be 
plumb  and  over  the  station;  (2)  The  four  legs 
should  be  set  firmly  in  the  ground  and  be  cross- 
braced  to  make  them  rigid.  (3)  The  cross- 
bracing  and  the  bottom  of  *he  mast  should  be 
high  enough  from  the  gi-ound  to  allow  the  in- 
strument to  be  placed  underneath  and  the  work 

Fig.  252.  ^q  \^  carried  on  without  disturbing  the  signal. 

(a)  Practical  auggMtiona.  (1)  To  anchor  the  legs  dig  holes  two  feet  or 
so  into  the  grouna,  and  when  the  legs  are  planted  drive  a  stake  into  the 
ground  beside  each  leg  and  nail  the  leg  to  the  stake.  (2)  Plumb  the  mast 
by  observing  it  from  four  different  positions,  holding  a  plumb-line  before 
the  eye.  (3)  Signals  may  often  be  constructed  |pom  poles,  4"  or  6"  in 
diameter,  cut  in  the  woods.  Old  fence^rails  make  good  braces.  (4)  It  is 
sometimes  difficult  to  set  a  quadripod  sif^nal  so  that  its  legs  will  not  inter- 
fere with  lines  of  sight  to  other  stations;  for  this  reason  a  tripod  signal 
is  often  preferred.  (5)  Put  a  small  hook  on  the  bottom  of  the  mast  from 
which  to  suspend  the  plumb-bob. 


*6b©  Gillespie,  Vol  11,  Johnson,  or  Wilson  for  the  construction  of  more 
elaborate  signals. 
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(5)  Pradieal  qnestioru.  (1)  What  should  be  the  diameter  of  the  maetf 
Make  it  as  small  as  possible  and  yet  have  it  distinctly  visible,  so  that  it 
may  be  accurately  bisected  by  the  cross-hair.  The  latter  will  ordinarily 
cover  a  F^trip  0.3  of  an  inch  wide  at  a  mile,  or  about  3  inches  for  a  10-mile 
sight.  Use  a  pole  V  in  diameter  for  sights  less  than  a  mile,  and  poles 
up  to  3"  in  diameter  for  five-mile  sights.  A  pole  4"  in  diameter  can  be 
seen  twenty  miles  with  a  good  telescope  and  clear  atmosphere. 

(2)  What  error  t«  cUUnoable  in  centtring  a  mast  or  an  instrument  over  a 
station  f  From  the  table  on  p.  108  it  is  seen  that  in  order  to  make  an 
error  of  one  second  in  an  angle  the  instniment  or  masts  must  be  out  of 
position  the  following  amounts : 

^  of  an  inch  for  sights    500  ft.  long. 
t4  *•  •*     ••     •*       •*      1000  •*     ** 
A  '*   **     *'      **       **      a  mile  long. 
3  inches  *  *       "      10  miles  long. 

If  the  lengths  of  sights  are  known  approximately,  and  limits  of  error 
for  angular  measurement  have  been  adopted,  the  above  table  will  serve 
as  a  guide  in  centering  the  mast,  setting  up  the  instrument,  and  in  point- 
ing. 

(c)  Eccentricity  of  stations.*  It  is  sometimes  necessary  to  use  for  sub- 
stations objects  which  are  inaccessible  or  over  which  an  instrument  can- 
not be  set  up.  In  this  case  one  of  the  methods  for  inaccessible  points 
(Chapter  XVIII)  may  be  used. 
^  Illustration.  A  church-steeple  is  located  from  two  triangulation  sta- 
tions. A  traverse  is  started  near  the  church.  The  spire  and  two  traverse 
stations  form  a  triangle.  The  length  of  the  side  between  the  traverse  sta- 
tion  having  been  measured,  the  other  two  sides  may  be  found,  p.  222.  It 
will  be  necessary  in  addition  to  observe  the  angle  between  lines  from  one 
traverse  station  to  a  triangulation  station  and  to  the  spire. 

253.  Limitfi  of  Error.  In  a  test  of  a  6-in.  transit  reading  only 
to  30",  sights  were  taken  from  the  same  station  to  five  distant 
points.  Angles  were  measured  in  succession,  each  angle  being 
given  twelve  repetitions,  six  times  with  the  telescope  normal 
and  six  with  the  telescope  inverted.  Upon  completing  the 
circle  the  sum  of  the  angles  exceeded  360°  by  5",  or  an  average 
error  of  1"  per  angle.f 

In  an  example  taken  from  actual  practice  eight  angles  of  a 
triangulation  system  were  measured  with  a  6-in.  transit  reading 
to  20".  Twelve  repetitions  were  given  each  angle,  following  the 
method  of  procedure  outlined  on  p.  195.  Angles  were  adjusted 
by  the  method  of  logarithmic  residuals,  and  the  maximum 
difference  between  the  measured  value  of  an  angle  and  its  ad- 
justed  value  was  3.98",  the  minimum  difference  was  0.57",  and 
the  mean  difference  for  the  eight  angles  was  1.86".  In  a  second 
system  of  eight  angles  the  differences  were:  Maximum  0.83", 
minimum  .07",  mean  0.44".  In  the  survey  from  which  these 
results  are  taken  work  was  continued  throughout  the  day,  re- 
gardless of  atmospheric  "boiling"  or  of  wind  save  in  extreme 

*  See  Gillespie,  Vol.  11,  p.  89. 
f  Eng.  News,  Feb.  14, 1901,  p.  122. 
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cases,  and  the  number  of  sets  measured  per  day  varied  from 
10  to  25,  the  time  occupied  in  going  from  one  station  to  another 
being  an  important  factor.* 

The  above  results  show  what  can  be  done  with  an  ordinary 
transit.  They  represent  a  higher  degree  of  precision  than  is 
ordinarily  required  in  simple  triangulation  covering  small  areas. 
In  any  given  case  the  allowable  angular  error  is  determined  by 
the  allowable  error  in  the  position  of  a  triangulation-point,  and 
this  depends  not  only  upon  the  angular  error,  but  upon  the  size 
and  proportions  of  the  triangle  and  upon  the  precision  of  the 
baae-iine  measurement. 

254.  Triangulation  and  Trigonometric  Leveling.  Let 
A  and  B  be  the  ends  of  a  base-line  and  C  the  third  station  of  the 
triangle.  If  the  distance  AC  has  been  found  by  triangulation, 
and  the  vertical  angle  was  taken  to  C  when  the  instrument  was 
at  A,  the  difference  in  elevation  between  A  and  C  may  be  com- 
puted (p.  244).  In  like  manner  the  difference  in  elevation  be- 
tween B  and  C  may  be  found,  and  since  the  base-line  is  either 
level  or  the  difference  in  elevation  of  its  two  ends  is  known  this 
affords  a  check  on  the  elevation  of  C,  When  the  instrument  is 
moved  to  C  the  vertical  angles  and  triangulation  distances  to 
two  other  stations  will  give  the  elevations  of  these  two  stations, 
and  so  on  indefinitely.  As  the  horizontal  angles  must  be  meas- 
ured anyhow,  the  only  additional  0eld  work  consists  in  measuring 
vertical  angles;  hence  it  is  an  economical  method.  •  As  the  ele- 
vation of  each  station  may  be  determined  by  independent  ob- 
servations from  at  least  two  stations,  there  is  a  good  check  on 
the  work.  The  results  in  many  cases  compare  favorably  with 
results  obtained  by  spirit-leveling. 

*  Eng.  News,  May  30, 1901,  p.  402. 


CHAPTER  XVII 

TRANSIT  SURVEYING— SPECIAL  WORK 

The  first  part  of  this  chapter  deals  with  certain  problems  whieh  occJa- 
■ionally  arise  ill  transit  stirvesring.  The  settond  part  outlines  methods  of 
sUUkins  out  woiic  for  purposes  of  construction.  There  is  no  end  to  the 
▼ttHdty  eneottntered  in  this  special  work,  but  typical  eases,  such  as  a  youhc 
engineer  is  likely  to  meet  early  in  his  experience,  have  been  selected. 
Those  cases  in  whieh  lerelihg  and  transit  work  are  combined  are  treated 
in  Chiilter  XXIII.  No  attempt  is  made  to  take  up  railway  work,  as  that 
B  a  subject  iii  itself,  fully  treated  in  books  on  railway  surveying. 


2M.  Balaitcing-iit  the  Transit,  i.e.,  to  set  up  a  transit  on 
Kne  between  two  given  points.  It  is  assumed  that  neither  point 
can  be  seen  from  the  other,  as  this  is  the  most  difficult  case,  but 
it  is  also  assumed  that  both  of  the  given  points  can  be  seen  from 
the  required  point  at  which  the  transit  is  to  stand.  Set  two 
poles  on  line  from  30  to  100  ft.  apart,  one  on  each  side  of  the 
required  transit  point.  Line  the  poles  in  by  the  method  on 
page  55.  The  transit  can  now  be  set  approximately  on  line  by 
Ineatis  of  the  two  poles,  and  roughly  leveled  up.  Sight  on  one 
ot  the  given  points,  plunge  the  telescope^  note  how  far  to  one 
side  of  the  other  point  the  line  of  sight  strikes  and  move  the 
tran^t  acootdingly.    Repeat  until  the  transit  is  on  line. 

Pradtcal  HinU.  The  preliminary  use  of  the  two  poles  (or  short  stakes 
if  polbB  are  not  at  hand)  saves  time.  The  nearer  on  Une  the  transit  is  the 
more  earefuUy  it  should  be  leveled  up,  especially  the  level-bulb  at  right 
imgies  td  the  line  of  sight.  Usually  aftel*  one  or  two  prelimitiary  set-ups 
the  transit  can  be  brought  into  line  by  means  of  the  shiftizu;  head.  Do 
not  split  hairs  in  the  preliminary  set-ups.  Do  not  backsight  indiscrim- 
itudmf  first  on  one  of  the  given  points  and  then  on  the  other.  The  amount 
to  move  the  transit  can  be  estimated  more  easily  if  one  of  the  given  points 
is  always  used  for  a  backsight,  the  foresight  striking  near  the  other.  When 
the  transit  is  apparently  on  line  it  may  be  well  to  test  by  the  method  of 
doUl^  tevetse  (P;  92). 

256.  To  Sight  Parallel  to  a  Qiven  Line.   A  transit  stands,  for 

example,  a  few  feet  from  the  side  of  a  building  and  it  is  desii^d 

to  dght  parallel  to  that  side.     By  smnging  the  tape,  find  the 

BhoHest  distance  from  the  transit  to  the  side  of  the  buildicu^. 
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Suppose  this  distance  is  3.8  ft.  At  any  convenient  distance 
from  the  transit,  the  farther  the  better,  hold  one  end  of  the 
tape  against  the  building,  and  swing  the  tape  with  the  thumb 
or  pencil  held  3.8  ft.  from  the  end.  As  the  thumb  or  i>encil 
describes  an  arc  of  3.8  ft.  radius,  it  will  seem  to  the  transitman 
looking  through  the  telescope  to  move  avmy  from  the  building 
and  then  towards  it.  Keeping  the  cross-hairs  on  it  by  moving 
the  telescope,  the  transitman  should  clamp  just  at  the  turn, 
i.e.,  when  the  thimib  or  i>encil  is  farthest  from  the  side  of  the 
building. 

The  same  method  may  be  used  for  sighting  parallel  to  a  fence 
or  any  other  similar  object.  (For  a  method  when  the  parallel 
lines  are  some  distance  apart,  see  Art.  278  (6),  p.  224.) 

257.  To  Find  the  Intersection  of  Two  Straiglit  Lines. 
Suppose  that  AB  and  CD  are  the  two  intersecting  lines.  Set 
up  over  A  OT  B  and  set  two  stakes  on  AB  from  6  ft.  to  10  ft. 
apart.  One  of  these  stakes  should  be  on  one  side,  the  other  on 
the  other  side  of  the  required  point  of  intersection  as  judged 
by  sighting  with  the  eye  along  CD.  Mark  the  exact  points  on 
the  stakes  with  nails  driven  part  way  in.  In  a  similar  manner, 
setting  up  over  C  or  D,  set  two  stakes  in  the  line  CD,  one  on 
each  side  of  the  point  of  intersection.  Find  the  required  point 
by  stretching  two  intersecting  strings  between  the  nails  in  the 
stakes. 

Remark.  It  is  evident  that  it  is  unnecessary  to  drive  stakes  on  the  line 
CD\  it  is  often  better  simply  to  establish  a  single  point, — i.e.,  where  the 
line  of  sight  crosses  the  string  (or  the  edge  of  a  tape)  stretched  between 
the  nails  on  AB". 

258.  To  Measure  the  Angle  at  a  Fence-corner.    It  is  as- 

simied  that  the  transit  cannot  be  set  up  over  either  fence-Une. 
Establish  a  line  parallel  to  each  fence-line  as  close  to  it  as  con- 
venient (Art.  256),  find  the  intersection  of  these  two  lines  as 
explained  in  the  preceding  article,  and  setting  up  over  this 
intersection,  measure  the  angle.  The  angle  can  often  be  found 
indirectly  by  computation  (Art.  216  (d),  p.  151). 

Remark.     The  above  method  is  general;    a  sp>ecial  method  requiring 

but  one  set-up  and  applicable  in  many  cases  is  as  follows:    Set  up  over 

any  point  inside  the  fences-  and  as  close  as  practicable  to  the  comer.     £s- 

tabUsh  a  line  parallel  to  each  fence-line  (Art.  256)  and  measure  the  angle. 

Where  to  set  fences.     Division  fences  are  usLally  set  so  that  the  posts 

and  rails  are  on  one  side  of  the  property  line  and  the  pickets  or  boards 

are  on  the  other  side.     Stone  walls  are  set  with  centers  on  division-lines. 

Fences  along  streets  should  be  set  so  that  no  post  nor  any  part  of  the  fence 

wHI  project  outside  of  the  street-hne.     Street-lines  should  be  marked  by 

monuments  or  merestones  set  at  the  street-comera. 
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259.  Referencing  a  Point.  The  process  is  the  reverse  of 
that  explained  in  Art.  257,  and  consists  in  setting  four  stakes 
so  that^wo  lines  between  them  will  intersect  at  the  point  to 
be  referenced.     (See  p.  55  for  this  and  two  other  methods.) 

Any  point  which  is  hkely  to  be  disturbed  during  construction 
ahould  be  referenced.  In  some  cases  the  reference-stakes  must 
be  placed  some  distance  away,  in  other  cases  close  to  the  given 
point. 

lUtutration.  A  transit  station  may  be  referenced  by  plunging  the  tele- 
scope and  setting  stakes  perhaps  100  to  200  ft.  away.  On  the  other  hand, 
reference  stakes  for  a  merestone  may  be  set  a  few  feet  each  side  of  the 
spot  where  the  hole  is  to  be  dug,  and  the  exact  point  on  each  stake  deter- 
mined by  stretching  strings  over  the  point  previously  located. 

260.  Referencing  a  Line.  (1)  Reference  any  two  points 
in  the  line  which  are  visible  from  each  other  and  far  enough 
apart  to  determine  the  hne  accurately.  This  may  be  done  in 
two  ways:  (1)  By  offsets  from  buildings  and  other  permanent 
structures,  or  by  any  of  the  other  methods  of  referencing  points. 
(2)  By  referencing  one  point  in  the  line  and  measuring  the 
angle  which  the  line  makes  with  some  other  line.  This  includes 
referencing  a  line  by  its  azimuth  or  bearing. 

Remark.  The  importance  of  carefully  referencing  at  least  one  line  of 
a  survey  is  often  overlooked.  A  map  may  be  very  accurate  and  com- 
plete and  it  may  show  one  point  carefully  referenced,  but  unless  some 
line  is  referenced  also,  the  entire  survey  may  be  swung  on  the  one  known 
point  as  a  pivot.  This  is  the  source  of  much  of  the  trouble  in  rerunning 
old  surveys,  and  gives  rise  to  many  boundary  disputes.  Objects  used 
for  reference  should  be  as  definite  and  as  permanent  as  possible. 

261.  To  Locate  Points  on  the  Water  with  Two  Transits. 

The  method  used  is  that  of  intersecting    angles   outUned   on 
page  137,  Art.  196. 

Practical  hints.  The  base-line  between  the  two  transits  should  be  so 
chosen  that  the  angles  of  intersection  are  not  too  oblique  or  too  acute. 
In  most  cases,  as  in  taking  soundings  from  a  boat,  the  work  must  be  done 
rapidly.  Each  transitman  follows  the  boat  with  his  telescope,  keeping 
the  Une  of  sight  on  the  sounding  line  or  pole,  and  at  a  given  signal  n-om 
the  man  in  the  boat  reads  and  records  the  angle.  It  wUl  save  time  not  to 
damp  the  upper  plate  at  all.  In  recording  angles  some  system  mast  be  u.sed 
so  that,  when  the  notes  are  plotted,  the  angle  to  a  given  point  recorded  in 
one  transitman's  book  can  be  used  with  the  angle  to  the  same  point  re- 
corded in  the  other  transitman's  book.  It  is  just  here  that  mistakes  are 
likely  to  occur.  One  transitman,  for  example,  misses  a  signal  and  fails 
to  take  the  angle.  This  puts  him  one  angle  behind  the  other  transitman, 
and  this  causes  trouble  in  plotting.  One  method  of  avoiding  this  is  for 
each  transitman  to  record  the  exact  time  at  which  each  angle  is  taken  in 
a  column  reserved  for  that  purpose.  If  angles  are  taken  verv  rapidly, 
record  the  time,  say,  of  every  fifth  angle.  Of  course  the  watches  of  the 
two  transitmen  should  be  set  to  keep  the  same  time.  As  an  additional 
precaution,  flags  of  different  colors  may  be  used  by  the  boatman,  as,  for 
example,  a  wlute  flag  each  time  a  new  set  of  10  soundinei  is  begun,  a 
red  flae  each  time  a  new  set  of  100,  and  a  greea^iLictx  i\\.  oXXi^x  %c^>^\A> 
inga. 
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262,  To  Establish  a  Base-line  by  Means  of  a  Supplemen- 
tary Brol^n  Base-line.  When  local  conditions  make  it  im- 
possible to  establish  a  base-line  of  the  required  lengtb  by  the 
usual  methods,  two  points  may  be  chosen  to  serve  as  ends  of 
a  base-line,  a  series  of  transit  lines  may  be  run  connectiog  these 
two  points,  and  the  length  of  the  required  base-line  may  be 
computed  l^  the  methods  explained  in  Part  II  for  circulating 
omitted  measurements.  The  calculated  length  may  be  checked 
by  repeating  the  work,  using  a  different  or  supplemeBtary 
broken  base-line.  This  problem  is  practically  the  same  as  one 
which  often  arises  in  mine  surveying  and  tunnel  work. 

263.  To  Run  In  an  Arc  of  a  Circle  with  the  Transit  and 
Tape.  It  is  assumed  that  the  radius  is  so  large  that  points  on 
the  are  cannot  be  found  by  swinging  the  tape.  The  method 
here  given  is  the  one  used  in  railway  surveying. 

(a)  Geometrical  and  trigonometrical  principles.  In  Pig.  263 
AB  and  EF  are  two  lines  connected  by  the  arc  of  a  circle  be- 


FiG.  263. 

ginning  at  B  and  ending  at  E.     Each  of  the  lines  AB  and  EF 

is  tangent  to  the  arc,  and  the  two  lines  are  produced  until  thegr 

intersect  at  G, 

Definitions  and  Notation 

BG  =  GE  are  called  tangents  (denoted  by  T). 
Angle  at  G  is  the  angle  of  intersection  (denoted  by  /). 
BO=OE  h  the  radius  of  the  curve  (denoted  by  R), 
The  angle  GBl  is  the  deflection  angle  (denoted  by  D). 
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B-l  =  1-2  «*  2-3  is  the  chard  used  in  the  field  work  (denoted  by 
C). 

5  =  point  of  curvature  (denoted  by  P.C.) 
j&= point  of  tangency  (denoted  by  P.T.). 

(6)  Geometrical  Properties  of  a  Circlb 

(1)  GB^  GE  and  GBE  =  GEE  =  J/. 

(2)  (?BO  =  90°  =  G^O. 

(3)  /  =  BOE  and  BOG  =  i/  =  EOG, 

(4)  GJ51  =  iBOl,  GB2  =  iB02,  GB3  =  ^BOS,  etc. 

(5)  1^=J102,  Ii53  =  il03,  1B£;  =  J10^. 

(6)  If  B-l  =  1-2  =  2-3,  then  501  =  102  =  203. 

(c)  Formulas  * 

(7)  Given  fi  and  /  to  find  T:  r  =  i2x  tan  }/. 

(8)  Given  /  and  T  to  find  R:  R=TXcot  J/. 

(9)  Given  i?  and  C  to  find  Z):      sin  D  =  }C^i2. 

(10)  Given  D  and  C  to  find  R:  R=iC-i-Bin  D. 

(11)  Given  /,  T,  and  C  to  find  Z>:  sin  Z)=  (Cxtan  i/)-j-2r. 

(12)  Given  /,  D,  and  C  to  find  T :        T=  (C  X  tan  J/)  -i-  2  sin  D. 

Formulas  for  chords  100  ft.  long: 

sinI>=-50-T-/i;  sin  Z)  =  (50Xtan  i/)-T-r; 

/?  =  50-j-8inD;  r  =  (SOXtan  J/)-i-sin  D. 

To  find  the  number  of  chords  in  the  length  of  a  curve: 

(13)  N^il-i-D. 

If  2>  is  not  contained  an  even  number  of  times  in  ^/,  the 
fmetion  of  a  chord  remaining  is  called  the  sub-chord,  and  the 
connefi|>onding  deflection  angle  is  called  a  sitb-deflection  angle. 
Thus  in  Fig.  263  the  chord  Z-E  is  not  quite  as  long  as  the 
others,  S-E  ia  a  sub-chord  and  ZBE  a  sub-deftection  angle. 

{d)  Len^h  of  curve  is  usually  understood  to  mean  the  length 
as  found  by  measuring  the  chords  and  not  the  length  measured 
on  the  curve  itself.  Thus  if  the  standard  chord  used  in  run- 
ning in  the  curve  is  100  ft.,  and  the  number  of  chords  (N)  found 
from  (13)  is  7.813,  then  the  length  of  curve  is  781.3  ft. 

(e)  Degree  of  curve  is  understood  to  mean  the  number  of  de- 
grees at  the  center  subtended  by  a  100-ft.  chord.  Thus  in 
Fig.  263,  if  B-l  =  100  ft.  and  BOl  =6°,  the  curve  is  a  6°  curve; 
in  a  5'  curve  B01  =  5°;  in  a  1°  curve  B01  =  l®,  and  so  on. 
Troxa  Fig.  263,  i?Xsin  J  degree  of  curve=  JB-l,  or  if  deg.  repre- 
sents degree  of  curve,  i2  =  jC-^sin  }  deg.,  or  for  100-ft.  chords 

(14)  ^  =  50  ^  sin  i  deg. 

Thfs  formula  is  practically  the  same  as  formula  (10). 

* ITx©  tMonometrical  relations  in  formulas  (7)  to  (12)  wlRhoooinA %vv3«ivs\. 
from  i»  8tu4y  of  FiSi-  263. 


206  TRANSIT  SURVEYING 

(/)  Field  work  of  running  in  a  circular  cufv$,  ih  Fig.  263  it 
is  desired  to  connect  two  lines  AB  and  HF  by  the  arc  of  a  cir- 
cle which  shall  be  tangent  to  AB  at  a  given  point  B  (P.C), 
and  tangent  to  HF  at  some  unknown  point  E  (P.T.). ' 

(1)  Produce  AB  and  HF  until  they  intersect  and  measure  /. 

(2)  Measure  the  length  of  T  (BG)  and  establish  E  so  that 
EG  =  BG. 

(3)  From  (11)  calculate  the  deflection  angle  D. 

(4)  Set  up  at  B,  backsight  on  G,  turn  off  GB1=D  and  set 
the  point  1  100  ft.  from  B.  Keeping  the  backsight  on  G  turn 
off  2D  (i.e.,  GB2),  and  by  swinging  the  tape  with  one  end  held 
at  1  set  the  point  2  100  ft.  from  1.  Turn  off  3D  (i.e.,  GBS) 
and  set  the  point  3  100  ft.  from  2.  Since  3-E  is  less  than  100  ft., 
the  additional  angle  to  turn  off  (i.e.,  SBE)  is  less  than  D.  This 
sub-deflection  angle  SBE  must  be  the  same  part  of  D  that  the 
svJb-chord  3-E  is  of  C  (i.e.,  of  100  ft.).*  The  length  of  ^-E  may  be 
found  from  equation  (13).  E  as  located  from  B  by  deflection 
angles  should  check  with  E  as  located  in  the  first  place  by  chain- 
ing from  G  to  E. 

(g)  To  pick  up  a  tangent.  It  often  happens  that  some  of  the 
points  on  the  curve  cannot  be  seen  from  P.C.  It  then  becomes 
necessary  to  move  the  transit  from  P.C.  to  the  last  point  on 
the  curve  set  from  P.C.  It  may  even  be  necessary  to  set  up  ^t 
several  points  before  the  curve  is  completed.  The  two  follow- 
ing rules  should  be  employed  in  backsighting  and  foresighting: 

(1)  When  sighting  at  any  point  of  the  curve  the  vernier  reading 
must  be  equal  to  the  total  deflection  angle  used  for  locating  that 
point. 

(2)  When  sighting  along  a  tangent  to  the  curve  at  any  point 
occupied,  the  vernier  reading  should  be  equal  to  the  total  deflection 
angle  for  that  point. 

lUustration.  In  the  above  rules  the  total  deflection  angle  for  any  point 
means  the  sum  of  all  the  deflection  ai^es  from  the  original  tangent  to  the 
point.  This  is  sometimes  called  the  index  reading.  Suppose  in  Fig.  263 
it  is  necessary  to  set  up  at  2  and  again  at  3. 

Set  up  at  2,  backsight  on  B  with  vernier  at  zero  (since  the  deflection 
at  B  is  zero),  plunge  and  turn  off  SD,  since  the  deflection  for  3  is  3D.  This 
locates  3.  Set  up  at  3,  backsight  on  2  with  the  vernier  set  at  2D  (since 
the  deflection  for  2  is  2D),  plunge  the  telescope  and  turn  off  ^/  (since  the 
deflection  for  E  ia  ^I). 

The  student  should  prove  the  above  method.  Prove  also  that,  in  ac- 
cordance with  the  second  rule,  if  a  transit  is  at  3,  the  backsight  at  2  an<f 
the  vernier  at  2D,  the  line  of  sight  may  be  made  tangent  to  the  curve 
by  setting  the  vernier  at  3D. 

(e)  Practical  BuggetHon*.     (1)  In  the  preceding  description  of  the  field 
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264.  To  Lay  Out  a  Circular  Curve  with  the  Tape. 

(a)  By  tangent  o/faeta.  This  method  simply  c 
ing  olf  each  deflection  angle  by  measuring 
an  ofTset  from  the  tangent  instead  of 
turning  it  off  with  a  transit.  Thus, 
tor  example,  point  1  ia  located  by  laying 
off  BC,  found  by  calculation,  and  C-l,  also  ' 
found  by  calculation.  Theoretically  C-l 
is  perpendicular  to  BC,  but  in  practice  it 
is  better  to  establish  C  and  then  find  the  i 
intersection  of  C-l  with  the  chord  B-1, 
the  length  of  which  ia  known,  than  to 
construct  the  right  angle  at  C.  The 
formulas  needed  in  computation  are  easily  derived  from  trigo- 
nometry.  If  D  — the  deflection  angle  and  R  the  radius,  then; 
Distance  alone  tangent  Offset  froni  tangent 

BC*         -m-l-Rsin2D  C-l=Bm -fl  versine2fl 

BE         ~S-2  "RsmiD  £-2  =  BS  -  fl  versine  4D 

ForA'' chords-  flsin2:VD  For  A^  chords  =  «versine2.Vi> 

More  convenient  formulas  U>  use  where  C- length  of  chorda 
may  be  found  by  substituting  for  R  its  value  JP-^sin  D: 
Distance  along  the  tangent  -  (jC  sin  2ND)  -^8in  D. 
Offset  from  the  tangent        -  (C  sin'  A'D}-j-sin  D. 

nZ))re- 

(6)  By  ojfuU  /rom  chorda  produced.  Produce  B-1  to  H  {Fig. 
264  (a», making  Iff  =B-J.  Then  B0:S-1 -B-l:ff-2  or  fi:C- 
C:H-2. 

Hence  ff-2  =  C'-!-B,  or  in  the  ease  of  100-ft.  chorda- 100' -i-B. 


M  ao  appreciable  ei 


involved  \iy  C»1Uli«  BC  -  B-\. 
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Note  f h&t  ttds  offset  efquals  twice  the  tatigesit  olFset. 

(c)  By  ojf sets  from  a  long  chord.   Sup- 
pose that  two  stations,  B  and  M,  are 
giveh  and  the  length  of  the  eulre  BVM 
is  known.     Then  from  equation  (13), 
p.   205,  BOM  ^  2ND  and  the  middle 
ordinate  XF  =  7i  versifte  }50Af 
=  R  versine  ND. 
If  i\r  =  2,  then  BOM  =  4D  and 
XV  «=  i2  versine  of  2D. 
Another  form  is 

XV  =  iBMi&aiBOM; 
or  still  another  forrti: 

xv=ov-ox=r-^/r'-  (^^^r-Vb^-bxk 

For  any  other  ordinate  WZ  ii  distance  XZ  from  the  middle 
ordinate:  

WZ==WP^^P=^WO^-Pd^'-XO^VR^-ZX^-'  f^R^-BXK 

(d)  By  distances  scaled  frofn  d  fnap.  (1)  Plot  the  curve  to  a 
scale  large  enough  So  that  distances  cati  be  scaled  as  closely  as 
will  be  required  for  measurements  in  the  field.  (2)  Scale  otdi- 
nates  or  offsets  to  some  assumed  base-line,  and  enter  these  dis- 
tances on  a  map  or  a  specially  ptepSiTed  sketch  for  use  in  the 
field.  (3)  Lay  out  the  base-line  in  the  field,  and  lay  off  the 
measurements  as  indicated  on  the  sketch. 

This  is  a  very  useful  method  for  work  in  which  extreme  ac- 
cui-acy  is  not  requited,  such,  for  eiam|jle,  as  landscape  work. 

265.  QfVing  Line*  for  Masohty.  (See  also  Art.  224.)  Ex- 
eiiTatioli  is  required  for  most  masoniy  structures.  The  first  step, 
therefore,  is  to  set  stakes  which  will  guide  the  contractor  in 
digging.  Such  stakes  are  set  roughly  and  often  very  hurriedly, 
especially  if  the  contractor  is  already  **  on  the  job  "  and  waiting 
to  begin  work.  Before  the  excavation  reaches  its  full  depth 
the  surveyor  umially  sets  "batter-boards."  These  battw^ 
boards  are  horizontal  boards  nailed  to  posts  or  to  some  other 
support.  Such  as  the  Wall  of  an  adjacent  building.  The  upper 
edges  of  the  boards  lire  usually  set  at  some  known  elevation, 
say  an  even  number  of  feet  above  or  below  the  required  eleva- 
tion of  some  well-defified  line  of  the  structure.  They  are  also 
set  in  suob  a  position  that  by  stretching  strings  from  one  to 
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another  the  mason  can  get  the  most  im|)ortant  lines  of  the 
stnietuM  (neat  lines).  The  exact  points  where  the  strings 
should  be  Ihetened  to  the  boards  are  marked  by  nails  or  by 
notches  cut  m  the  board.  Additional  suggestions  for  staking 
otit  work  are  gtven  on  p.  159. 

Hemttrk.  The  next  article  gives  in  detail  tfae  work  of  staking  out  tL  house, 
and  Arts.  272  and  273  give  the  methods  of  staking  out  a  tetaining-wall 
and  a  bridfige  abutment.  These  typical  cases  will  suggest  methods  of  pro- 
cedure in  6ther  cases.  When  a  masohry  st^cture  is  on  a  graoe  the  work 
usually  iafcirem  eonsiderafale  Itire^g*  examples  of  which  ate  given  in 
Chapter  XXIII  <M  LevtlihQ— Special  Work. 

266.  To  Stake  Otit  A  Buildinfr  means  to  establish  points 
which  will  guide  the  oontraetor  in  building  the  foundation.  It 
would  be  of  little  use  to  set  a  stake  at  each  corner  of  the  build- 
ing, for  these  stakes  would  be  knocked  out  in  excavating.  The 
usual  method  is  to  set  batter-boards  or  corner-boards  a  few  feet 
outside,  where  they  will  not  interfere  with  the  work  of  con- 
struction, and  to  c(lt  notches  or  drive  nails  in  the  upper  edges, 
so  that  the  mason  can  get  his  lines  by  stretching  strings  between 
the  points  thus  established.  tJsually  the  upper  edges  of  the 
boards  are  set  at  the  elevation  of  the  top  of  the  foundation-wall 
or  water-table  (or  some  whole  number  of  feet  above  or  below 
the  top),  and  thus  sefve  as  points  from  which  to  measure  the 
depth  of  the  cellar^  the  heights  of  walls^  and  other  elevations. 
The  architect  or  owner  Usually  furnishes  the  surveyor  with  a 
bliie-print  plan  of  the  building,  and  with  other  necessary  data, 
such  as  its  location  with  respect  to  street-lines,  boundary-lines, 
and  adjacent  buildings;  also  the  elevation  of  the  top  of  the 
foundation- wall  or  water-table  with  respect  to  some  datum, 
such  as  a  city  bench-mark,  a  merestone,  or  the  water-table  of 
an  adjacent  building. 

General  method.  The  aim  should  be  to  accomplish  the  work 
with  as  few  set-ups  and  as  few  measurements  as  is  consistent 
with  the  certainty  of  correct  results.  In  most  cases  the  best 
method  is  to  stake  out  temporarily  a  reference  rectangle,  to  make 
sure  that  it  is  correct,  and  then  to  Use  the  sides  of  this  rectangle 
as  bafle-lines  for  locating  each  comer  of  the  building.  The  more 
irregular  the  outline  of  the  building  the  more  necessary  it  is  to 
have  base-lines.  The  following  illustration  shows  one  method 
of  staking  out  a  building.  Study  it  to  see  if  some  other  method 
equally  good  or  even^  better  could  have  been  used. 

(d)  lUUilrati&n.  In  Fig.  306  (a)  the  front  of  the  buildinc  is  parallel  l<v 
aad  10  ft.  from  the  street -line ;  it  ia  30  ft.  irom  t\ie  -weBtemAaaNMi^Tii^ccaft.. 
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(1)  Located  the  oorners  A,  B,  C,  and  D  roughly  with  the  tape  so  that 
the  contractor  could  set  posts  for  the  batter-boards. 

(2)  The  line  of  sight  alon^;  the  street-line  was  obstructed,  hence  set  up 
2  It.  out  from  a  merestone  at  the  nearest  street-comer  and  established 
stations  (2)  and  (3)  on  a  line  parallel  to  and  2  ft.  outside  of  the  street- 
line.     Station  (2)  is  30  ft.  from  boundary  line,  and  (3)  is  40  ft.  from  (2). 

(3)  Set  up  at  (2)  and  backsighting  on  a  near-by  bench-mark,  marked  a 
horizontal  Ime  on  each  post  3  ft.  above  the  elevation  of  the  water-table. 
The  contractor  nailed  the  boards  with  upper  edges  on  these  lines.  (Batter- 
boards  represented  by  double  Unes  in  the  figure. ) 
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(4)  Turned  off  90<*  from  the  line  through  (2)  and  (3),  and  establishes^ 
temporary  stakes  A  and  B;  also  two  nails  on  batter-boards  marked  2i 
and  a  reference-point  on  another  building  marked  R%. 

(5)  Set  up  at  (3),  turned  off  90*"  from  line  through  (2)  and  (3),  and 
established  temporary  stakes  C  and  D\  also  two  naUs  marked  3  and  a 
reference-point  on  a  fence  marked  As. 

(6)  Measured  the  diagomds  BC  and  AD  of  the  reference  reetan^  as  a 
check.  Found  one  of  them  0.01  ft.  longer  than  the  other.  Corrected  the 
error. 

(7)  Set  up  at  C,  sighted  at  A,  established  a  reference-hub  Re  and  a  nail 
c,  plunged,  and  established  a  reference-point  on  the  fence  Rt  and  anotheir 
nail  c. 

(8)  Set  up  at  D,  backsighted  on  (3),  turned  off  90°  as  a  check. — line  of 
sight  passed  slightly  to  the  left  of  B, — error  small  enough  to  be  ignored. 
Brought  line  of  siipt  on  B^  established  a  reference-stake  Bd  and  nail  </. 
plunged  and  established  a  reference-point  on  the  fence  Bd  and  another 
nail  d. 

(9)  Set  the  intermediate  nails  marked  n  by  measuring  with  a  tape. 

(6)  Practical  snggeUtoru.  (1)  The  reference-stakes  should  be  placed 
where  they  are  not  likely  to  be  covered  up  by  building  materials,  and 
where  they  will  be  of  the  most  use  in  re-establishing  points  should  the 
batter-boards  be  disturbed.  (2)  It  is  often  necessary-  to  set  a  new  build- 
ing with  its  front  on  line  with  one  already  built.  If  the  latter  is  not  imr- 
allel  to  the  street -line,  stations  (2)  and  (3)  should  be  set  on  a  line  parallel 
to  and  a  definite  distance  frcwn  the  front  of  the  old  building.  (3)  Occa- 
sionally a  building  must  be  oriented  with  respect  to  the  true  north,  and 
then  it  may  be  necessary  to  establish  a  true  meridian. 

267.  To  Stake  Out  a  House-lot.     Procure  the  deed  of  the 
l&nd,  or  consult  the  town  or  city  records,  and  from  the  descrip- 
tive clause  in  the  deed  stake  out  the  lot,  using  a  method  simi- 
hu-  to  that  of  the  preceding  article.     When,  as  is  often  the  case, 
lAe  descriptive  clause  is  so  indefinite  as  to  be  oi  \\X\\e  x^vi-e,  the 
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mirveyor  must  resort  to  other  methods.     (See  article  on  bound- 
ary surveys.) 

Practical  augoettwM.  An  iron  rod  or  half-inch  iron  pipe  set  in  the 
ground  with  about  3  ft.  of  it  below  frost-line  will  serve  as  a  permanent 
monument  for  each  comer.  Stone  posts  with  tops  a  few  inches  below  the 
surface  of  the  ground  are  much  better.  In  makmg  a  record  of  boundary- 
lines  at  least  one  line  should  be  carefully  referenced  with  respect  to  per- 
manent landmarks  (Art.  260,  p.  203). 

268.  Farm  Survey.  The  following  method  is  recommended: 
Run  transit  lines  conveniently  near  the  boundaries  by  the  azi- 
muth method,  locating  stations  to  the  best  advantage  (p.  149). 
Take  side  shots  to  each  comer,  and  if  boundaries  are  straight,  chain 
the  lengths  of  boundaries  as  well  as  of  transit  lines.  If  bounda- 
ries are  not  straight,  locate  them  by  offsets  from  a  transit  line. 
The  azimuths  and  lengths  of  the  transit  lines  and  side  shots  to 
corners  as  found  above  are  all  the  data  required  for  the  office 
work  of  calculating  the  azimuths  and  length  of  each  straight 
boundary  line.  (The  measured  length  of  a  boundary-line  serves 
as  a  check.)  From  the  azimuths  and  lengths  of  the  boundary- 
lines  thus  calculated  the  area  may  be  computed,  as  explained 
in  the  chapter  on  Areas,  Part  II. 

Note.  For  a  quick  rough  survey  run  over  the  boundary-lines  with  com- 
pass and  chain  or  tape.     (See  chapter  on  Compass  Surveying.! 

269.  Survey  for  an  Architect.  A  map  from  which  an  archi- 
tect is  to  get  the  data  for  locating  and  planning  a  building 
should  show  a  number  of  things  not  found  on  an  ordinary  map. 
Moreover,  everything  of  importance  should  be  given  by  dimen- 
sions and  explanatory  notes  similar  to  a  working  drawing,  so 
that  the  architect  will  not  have  to  depend  upon  scaling  the 
map.     For  a  city  lot  the  map  should  show  as  a  rule: 

(1)  Outlines  of  the  lot  with  lengths  of  all  boundary-lines  and 
the  values  of  all  angles  plainly  marked  on  the  map.  One  side 
at  least  should  be  shown  carefully  referenced  with  respect  to 
two  or  more  permanent  points  (Art.  260,  p.  203). 

(2)  Street  and  curb  lines  and  the  line  oi  the  street  sewer. 

(3)  Adjacent  buildings,  large  trees,  and  other  objects  which 
might  affect  the  location  of  the  building  or  the  location  of  win- 
dows in  the  building. 

(4)  Direction  of  the  true,  north  shown  by  an  arrow  to  enable 
the  architect  to  plan  rooms  for  exposure, — the  true  bearing  of  a 
boundary-line  is  even  better,  for  it  helps  to  reference  that  line. 

(5)  Elevations  of  the  flow-line  of  the  sewer,  elevations  and 
grades  of  all  sidewalks  in  front  of  or  adjoining  the  lot,  and  the 
elevation  of  the  ground  itself.    If  the  surface  is  irregular,  con- 
tour-tines of  perfiaps  one-  to  two-foot  inlervala  -^iKi  \i^«»\.  ^qj^h 
the  elevations  of  the  ground. 
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rations  of  water-tables  of  adjoining  buildiii|p9,  and  the  location,  height, 
thickness,  and  plumb  of  adjacent  walls,  especially  if  the  proposed  builcuas 
i9  to  fit  exactly  between  two  existing  buildings;*  location  and  deptji  of 
existing  foundations;   aiie  eaid  loc^ion  of  water,  gas,  and  electric  mains, 


the  |t>uildiiig  is  pianned  by  an  out-of-town  ardiitect  the  engiiieer 
,. — ^.w»^  ruriush  useful  informatioo,  such  ^  a  copy  of  the  city  ordinanees 
pertaining  to  buildings,  the  nature  oi  the  soil  wfae|«  the  building  is  to 


ai»d  the  ^ocatiop  of  points  where  service-inpes  come  through  the  curb. 
When  the  building  is  planned  by  an  6ut-of-t 
"  en  f      '  " 

stand  and  its  bearing  power,  the  city  water  pressure,  and  other  focal  con- 
ditions. 

270.  To  Locale  Machinery,  Lines  of  Shafting,  9nd  Similiv' 
Objects.  The  usuaj  methods  of  fiei(}  work  ar^  employed.  In 
much  of  the  work,  however,  such,  for  example,  as  the  alinement 
of  shafting,  leveling  must  be  combined  with  transit  work;  i.e., 
the  line  must  be  given  vertically  as  well  as  horizoi^tally.  Es- 
tablish one  or  more  reference-lines  for  transit  work  (similar  to 
the  reference  rectangle  in  staking  out  a  house,  p.  210),  and  one 
or  more  permanent  bench-marks  for  leveling.  Establish  the 
location  and  elevation  of  all  important  or  ruling  points,  such  as 
bed-plates  and  foundatious  for  machines  and  hangers  for  shaft- 
ing. (See  Chapter  XXIII  for  method  of  leveling  for  a  line  of 
shafting.)  The  data  for  this  work  are  usually  obtained  from  a 
previously  prepared  plan,  although  occasionally  the  surveyor  is 
called  upon  to  prepare  this  plan  also. 

Surveying  methods  are  now  used  to  a  considerable  exteat  in 
the  eonstruction  of  large  machines.  (See  **The  Use  of  Si^rveyr 
ing  Instruments  in  Machine-shop  practice,"  Engineering  News, 
Dec.  11,  1902.) 

27 1 .  To  Stake  Out  a  Road  or  Highway.  Stakes  are  usually 
set  at  least  every  50  ft.  For  an  ordinary  road,  such  as  a  mac^ 
adam  road,  the  first  step  is  to  run  the  center-line^  setting  th$ 
stakes,  however,  on  either  side  so  that  there  are  two  lows  of 
stakes,  <me  for  each  edge  oi  the  road.  These  stakes  ai^  usuaUy 
located  by  offsets  from  the  eenter-line,  and  if  set  some  whole 
number  of  feet  (say  3  or  4  ft.)  outside  of  the  edges  of  the  road 
Uiey  are  less  likely  to  be  disturbed. 

The  sec<md  step  is  to  go  over  the  line  with  the  level,  estabi* 
lishing  grades,  and  marking  the  stakes  '  Cut '  or  *  Fill.' 

Note.  For  the  methods  of  estabUshing  grade-points,  markine  gnu^e- 
stakes,  and  staking  out  city  streets  and  pavements,  see  Chapter  X^II. 

Practical  suggestions.  (1)  For  an  ordinary  country  highway 
stakes  should  not  vary  from  line  or  grade  more  than  one  tenth 


*  The  author  has  in  mind  a  case  where  it  became  necessary  to  prae- 
Homily  mednw  the  pJans  of  a  large  building  because  the  distanoee  between 
existing  buildings  on  either  side  were  incorrectly  ipiveu  ou  the  map. 
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of  a  foot.  Of  course  greater  variations  might  be  allowed,  dBf 
pending  upon  the  location  of  the  road,  material  used,  and 
methods  of  payment  for  the  work.  (2)  If  extensive  cutting  or 
filling  is  to  be  done,  it  often  pays  to  set  slope-stakes,  as  in  rail- 
road work.  (3)  Curves  may  be  staked  out  accordipg  to  one  of 
the  methods  in  Arts.  263,  264,  p.  204-208.  The  fourth  method 
(scaling  distances),  is  much  used  for  irregular  highways.  (4) 
Where  the  road  curves  sharply  or  the  grade  changes  rapidly  it 
may  be  necessary  to  set  stakes  at  shorter  intervals  than  fifty 
feet.  (5)  If  the  highway  has  not  already  been  laid  out,  it  will 
be  necessary  to  set  stakes  for  fence-lines  or  boundaries  o^  the 
road.  (6)  Sometimes  a  separate  set  of  stakes  is  used  for  grade, 
but  one  set  for  both  line  and  grade  is  preferable. 

272.  To  Give  Lines  for  a  Retaining- wall.  (See  also  Arts. 
224  and  266.)  In  Fig.  272  the  section  shown  of  a  retaining- 
wall  is  only  a  few  feet  in  length,  but  the  method  may  be  used 
for  a  wall  of  any  length.  (1)  Set  stakes  A  and  B,  or  if  more 
convenient  stakes  C  and  D.  If  possible,  each  stake  should  be 
some  whole  number  of  feet  from  the  nearer  end  of  the  wall. 

Either  line,  AB  or  CD,  wUl  be  sufficient  for  purpoaeg  of  excavation. 
The  coBtraetor  can  get   the   widths    W   and    W'   from 
and    set    his    own    stakes    for    the    outside    lines    ol 
no  matter  how  much  the  latter  may  be  broken  up 
by  Btops.     The  lower  course  is  often  concrete  and 
it    is   immaterial   whether  the   contractor   gets   the 
outside  lines  exactly   right  or  not,   so   long  as   he 
makes  this  concrete  base  extend  the   minimum  dis- 
tance each  way  as  called  for  by  the  plan;    if  he 
aliould  makie  it  a  little  wixler,  no  harm  is  done. 

(2)  When  the  excavation  is  well  under 
way,  if  not  before,  set  batter-boards  at  a 
known  elevation,  and  by  nails  or  notches  give 
points  for  both  lines  A  B  and  CD.  Very  often 
these  lines  must  be  established  parallel  to 
som«  street-line  or  property  line. 

Prattical  wuggeMtiona.  (I)  There  are  several  well- 
de^iAed  lines  at  the  top  of  the  wall  and  several  at 
the  bottom,  but  it  would  only  lead  to  confusion  to 
give  more  than  the  two  lines  AB  am!  CD.  These 
two  neat  lines  are  chosen  becaui^e  they  are  definite 
lines  aad  moreover  determine  the  finished  face  of 
the  wall.  (2)  In  giving  lines  for  excavation,  it  is 
often  more  convenient  to  give  parallel  lines  that,  are 
offset  4^  whole  number  of  feet  from  the  required  lines. 
(3)  In  giving  lines  and  grade  for  the  finished  face  it 
may  be  4sonveoient  to  use  plank  set  on  edge  across 
jbhe  trench,  as  in  sewer- work  (Chapter  XXIII). 
Sometimes  nails  driven  in  the  concrete  base  are  used  Fig.  272. 

tor  the  lower  line.     (4)  Nearly  all  walls  are  so  lom^ 
that  they  are  built  in  sections.     Stakes  and  battet-boatAa  ft.T«*  «fc\  Vo.  *A.- 
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vance  of  the  work  as  they  are  needed,  and  strings  are  drawn  from  the 
stakes  or  batter-boards  to  the  finished  wall,  or  an  offset  line  may  be  usckI 
at  a  safe  distance  from  the  excavation.  (5)  When  the  wall  is  on  a  curve 
the  stakes  must  be  set  near  enough  together  so  that  the  wall,  though 
really  built  in  a  series  of  straight  lines,  will  appear  as  a  smooth  curve. 
Thus,  for  example,  for  a  curve  of  200  ft.  radius  points  should  not  be  more 
than,  say,  10  ft.  apart.  There  are  four  wa^s  of  locating  the  points:  (a)  By 
locating  the  center  of  the  curve  and  swinging  the  arc  with  the  tape, — only 
possible  for  true  arcs  of  circles  of  small  radius.  (&)  By  deflection  angles, 
p.  204.  (c)  By  offsets  from  tangent  or  long  chord,  p.  207.  (d)  By  ordi- 
nates  from  a  convenient  base-line,  the  ordinates  having  been  previously 
determined  either  by  calculation,  or  by  plotting  to  a  large  scale  and  scal- 
ing off  such  ordinates  as  it  is  desired  to  reproduce  upon  the  ground.  The 
latter  method  is  very  usefid  for  irregular  curves,  such  as  those  which  occur 
in  landscape  work. 

273.  To  Give  Lines  for  a  Wirtg  Abutment.  Jn  Fig.  273 
the  main  part  of  an  abutment  is  shown,  but  the  concrete  foun- 
dation is  not  shown.  The 
work  is  similar  to  that  of 
giving  lines  for  a  retain- 
ing-wall  as  outlined  in  the 
preceding  article.  As  sug- 
gested in  that  article,  the 
best  line  to  give  is  where 
the  face  of  the  main  wall 
joins  the  foundation,  or  in 
this  case  the  line  AB. 

(1)  Set  a  stake  iS  on  the 
axis  of  the  bridge. 

(2)  Set  up  over  R,  and 
set  stakes  A  and  B;  also 
establish  points  O  and  0\ 

(3)  Set  up  over  O,  and 
turning  off  the  angle  of  the  wing  set  a  stake  in  Une,  as  E.  Repeat 
the  operation  at  0'. 

Practical  suggestions.  (1)  It  may  be  necessary  to  set  points 
A  and  B  some  distance  from  R,  perhaps  on  piles  or  coffer-dam, 
if  construction  has  already  begun.  (2)  li  AB  comes  in  the 
water,  it  may  be  necessary  to  set  offset  stakes,  as  A'  and  B\ 
instead  of  A  and  B,  The  offset  distance  should  be  some  whole 
number  of  feet  if  possible,  and  should  be  plainly  marked  on 
the  stakes.  (3)  If  for  the  same  reason  it  is  inconvenient  to 
establish  /2,  set  two  points,  as  H  and  Kj  on  the  axis  of  the  bridge. 
The  contractor  can  produce  the  line  through  these  points  with 
sufficient  accuracy  for  starting  the  piling,  coffer-dam,  etc.  If 
the  stream  is  narrow,  one  of  these  points  may  be  set  on  the 
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opposite  i^ore.  (4)  If  O  is  inaccessible,  the  line  EO  may  be 
established  by  measuring  off  either  a  tangent  distance  from  AB, 
as  BEy  or  a  tangent  distance  from  the  parallel  offset  line  A'B\ 
The  right  angle  at  B  may  be  laid  off  by  eye,  as  the  length  of  the 
wing  b  usually  short  compared  with  the  distance  OE.  Since 
0  cannot  be  marked  by  a  stake,  set  some  point,  as  Fj  on  the 
opposite  shore,  or  if  the  stream  is  too  wide,  set  F'  on  the  same 
shore.  (5)  Stakes  will  answer  for  preliminary  construction, 
but  they  should  be  replaced  by  batter-boards  giving  eleva- 
tions as  well  as  lines. 

274.  To  Qlve  a  Line  for  a  Tunnel.  The  field  work  involved 
is  simple  or  complicated  according  to  local  conditions.  The 
simplest  case  is  when  a  preliminary  straight  line  can  be  run 
over  the  surface  of  the  ground  between  hubs  on  the  center-line 
of  the  tunnel,  one  at  each  entrance.  It  may  be  necessary  to 
run  a  traverse  in  order  to  locate  this  line.  Once  the  line -is 
established  it  may  be  prolonged  a  few  hundred  feet  at  each 
end,  and^ermanent  targets  established  which  will  be  used  as 
backsights  when,  in  the  progress  of  the  work,  it  becomes  neces- 
sary to  set  up  the  transit  inside  of  the  tunnel.  The  line  may  be 
prolonged  from  a  backsight  by  the  method  of  double  reverse. 

In  many  cases  the  preliminary  straight  line  between  the  ends 
of  the  tunnel  cannot  be  run  because  of  obstacles,  such  as  a 
river  or  a  high  cliff.  In  that  case  the  direction  and  length  of 
the  axis  of  the  tunnel  must  be  ascertained  either  by  triangu- 
lation  or  by  running  a  traverse,  the  closing  side  of  which  is  not 
measured,  but  found  by  the  methods  explained  in  Part  II  for 
calculating  omitted  measurements.  The  omitted  side  is  of 
course  the  required  line  of  the  tunnel. 

When,  as  is  often  the  case,  the  tunnel  is  on  a  grade  the  methods 
for  giving  a  grade  explained  in  the  chapter  on  leveling  are 
used.  Even  when  the  tunnel  is  level  it  will  be  necessary  to 
establish  the  two  ends  at  the  same  elevation  by  running  lines 
of  levels  between  them  before  the  tunnel  is  started. 

When  the  tunnel  is  on  a  curve  the  work  becomes  still  more 
complicated,  the  curve  being  run  in  by  the  method  of  Art.  263, 
p.  204,  or  by  some  similar  method. 

275.  To  Locate  Piers  for  a  Bridge.'*'    It  is  assumed  that  it 

♦  Chapter  XVI,  on  TriarunUation  should  be  read  in  connection  with  this 
article.  For  a  more  complete  treatment  of  the  subject  the  student  la 
zefeired  to  a  chapter  on  triansulation  for  bridge-piers  in,*'D«  tau\.\V>>3»"  >Qr!| 
J.  A.  L.  WaddeU  (John  Wiley  &  Sons). 
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is  impracticable  to  measure  from  pier  to  pi^r  with  the  tapiii 

The  problem  is  a  double  one:    (1)  To  find  by  triangulation 

the  total  distance  from   a  point  on  one  shore   to   a   point 

on   the  opposite  shore>  both  poitits  lying  in  the  axis  of  the 

bridge;     (2)  To  locate  at   least   one  point   for  each  pier  by 

calculating  two  angles  such  that  when  these  angles  are  turned 

off  from  different  base-lines  or  from  two  different  points  on 

the  same  base-line,  the  two  lines  of  sight  will  intersect  at  the 

required  point.     The  amoimt  of  work  involved  in  the  second 

half  of  the  problem  depends  upon  the  number  of  piers  to  be 

located. 

(d)  The  ideal  method.     (1 )  Establish  a  base-line  on  each  shore 

exactly  perpendicular  to  the  axis  of  the  bridge,  extending  .above 

*,         ^  and  below  the  bridge.     (2)  Find 

8  1         B         1  2...         ..^^.. 


^^ r 


s        »«    /  ^^       by  triangulation  the  perpendiC'^ 

•  N           ^v       y  /            uiar  distance  A  B  betweeh  base- 

\^^        ^j(««»i  /  \\XM&&   on   opposite   shores.     (3) 

^           ^\  /  Having  determined  faiere  the 

,     ^-^  \  piers  arc  to  be  located,  lay  off 

/•         yCpier2    \^  abovo  and  below  the  bridge  on 

"^^  ^\           each  base-line  the  distance  from 

is — \  ^       that  base-line  to  the  nearest  pier, 
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t:'      «vyc/  ^  ^^d  theu  iu  succcssiou  the  dis- 
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tances  to  other  piers,  so  that 
each  pier  will  be  located  by  two  intersecting  lines  making 
angles  of  45°  with  the  base-lihes  on  opposite  shores  as  well  as 
with  the  axis  of  the  bridge.  Any  one  of  the  intersecting  lines 
dan  be  established  at  any  time  by  simply  sighting  from  a  point 
on  one  shore  to  a  point  on  the  opposite  shore  without  turning  off 

an  angle. 

Remark.  The  chief  advantage  of  this  method  lies  in  the  fact  that  aftel* 
the  90^  angles  at  A  and  B  have  been  laid  off  and  the  four  Sungles  meas- 
nred  in  step  (2)  to  determine  the  length  of  AB,  no  further  measurement 
of  angles  is  necessary. 

(6)  General  method.  It  is  seldom  that  the  ideal  method  can 
be  employed  because  the  conditions  do  not  often  permit  base- 
lines to  be  laid  out  on  both  shores  in  the  manner  indicated. 
There  are  two  alternatives: 

(1)  Establish  base-lines  on  opposite  shores,  both  above  or 
both  below  the  bridge. 

(2)  Establish  two  base-lines  on  the  same  shore,  one  above  and 
€XAe  below  the  bridge. 


r~*« 
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Qu09iim.  Two  other  loeations  for  baoe-lines  are  poeeible:  (1)  Both 
Imm  lingw  on  the  taina  shore  and  oo  the  aame  side  qf  the  bh<J0i.  (2)  Tim 
tin>  ba40-luies  on  oppositte  shores,  one  above,  the  other  below  the  bridoB. 
Why  wouid  eeeh  of  these  conditiops  be  ucsatisfactoryr 

Basie-linfis  should  be  laid  off  approximately  at  right  angles  to 
the  a?ds  of  the  Imdge,  but  it  is  not  worth  y^ie  to  aim  at  exact 
right  angles,  for  muck  time  in  the  &eld  n^ay  thus  be  wasted, 
while  the  time  saved  in  computation  is  very  little.  It  is  better 
to  lay  off  the  base-line  in  the  most  favorable  location,  and  let 
the  angle  of  its  intersection  with  the  axis  of  the  bridge  be 
obl{x)ue.  A  general  method  of  procedure  is  givei^  in  the  fol- 
lowing illustration. 

Cr)  lUuttratifln.  The  following  steps  were  taken  in  locating  the  oenter- 
pomts  A  and  B  of  two  piers. 

<1)  ^^staJblished  a  base-line 
Sfl  ofBi  the  south  shore  intcr- 
saetiM  the  longitudinal  axis 
4  1^9  >nd»  a*»«i  aiso  a 
similar  base-line,  iv  Af ,  on  the 
north  shore. 

(2)  Carefully  referenced 
hubs  S,  H,  N,  and  M,  p.  203. 

(3)  Measured  the  length  of 
each  base-line  a  number  of 
times  and  found  its  probable 
value  and  the  probable  error,  ^ 

PP;^^^T?®*  J  *u  1  t         "       Saw  Line  No.  1 

(4)  Measured  the  angles  of 

the  triangle  MSN;    also  the  Fio.  275  (c). 

angles  of   the  trian^e  NSH. 

Six  sets  (p.  194)  were  taken  for  each  angle  and  its  probable  value  and 

probable  error  determined,  p.  19. 

(5)  Computed  the  distance  SN  from  the  triangle  MSN;  also  from  the 
triangle  NSH.  The  two  computed  lengths  checked  within  the  limit  of 
error  adopted.     (A  discrepancy  of  less  than  0.05  ft.  (or  |")  per  1000  ft.) 

(6)  Computed  the  angles  BHS  and  AHS;  also  the  an^es  BMN  and 
AMN. 

(7)  Made  out  and  blue-printed  a  triangulation-sheet  showing  all  com- 
puted angles  and  distances  as  well  as  measured  angles  and  distances. 

(8)  Laid  off  the  computed  angles  BHS,  AHS,  BMN,  and  AMN.  The 
check  on  the  intersection-points  A  and  B  was  tried  by  sighting  from  S  to 
N:  this  line  passed  through  B  almost  exactly  but  was  Y'  from  A,  which 
was  within  the  allowable  error  adopted  for  this  work,  i.e.,  Y'  for  all  inter- 
eections.     Each  angle  was  turned  off  twelve  times. 

(9)  Set  targets  An  and  Bn  on  the  north  shore,  and  Aa  and  Bs  on  the 
south  shore,  so  that  the  intersecting  lines  could  thereafter  be  established 
without  turning  off  angles.     Carefully  referenced  these  points. 

(d)  Practical  suggestions.  Base-line.  (1)  Choose  its  location  with  a 
view  to  the  proper  proportions  of  triangles,  p.  193.  This  will  make  each 
base-line  approximately  equal  to  the  total  length  of  the  bridge, — not  less, 
say,  than  three  quarters  of  that  length.  (2)  Use  substantial  hubs  and 
supporting  stakes,  and  properly  protect  all  hubs,  p.  57.  (3)  Use  a  50-ft. 
or  a  100-ft.  tape:  it  may  be  well  to  send  it  to  the  bridge  company  for 
comparison  with  their  standard.  (4)  Choose  the  end  of  the  base-line 
where  all  piers  are  visible,  as  it  is  preferable  to  locate  all  piers  from  the 
same  point.  When,  however,  it  is  impracticable  to  do  this,  either  because 
of  obstacles  to  sight  or  because  of  too  acute  intersections,  intermediate 
hubs  may  be  established  on  a  base-line  for  locating  different  piers.  (5)  If 
shore  conditions  are  unfavorable,  it  may  be  neceaaar-y  to  twxv  «b  \>tc}«JKV!k. 
base-line,  or  a  shorter  base-line  may  have  to  be  expanded,  p.  \^'^. 
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Meaturing  angles,  (6)  The  transit  should  be  graduated  to  20"  or  in 
important  work  to  10".  (7)  The  ane^  should  be  taken  in  sets  by  irame 
such  method  as  that  explained  on  p.  196,  and  the  most  probable  value 
and  probable  error  of  each  an|^  determined,  p.  10.  (8)  Tiie  error  in  the 
sum  of  the  most  probable  values  of  the  three  angles  in  each  of  the  main 
triangles  should  not  exceed,  as  a  rule,  5  seconds,  and  may  be  reduced  to, 
say,  2  seconds  in  important  work.  An  error  of  one  second  in  an  angle 
means  an  error  of  ^  inch  at  1000  ft.  (p.  198).  (0)  If  the  error  in  the  sum 
of  the  an^es  is  too  large,  determine  from  the  field  notes  which  angle  was 
measured  under  the  mqpt  unfavorable  weather  conditions,  and  remeasure 
that  ai^le  first:  it  may  save  measuring  the  other  angles. 

Laying  off  angles.  (10)  Lay  off  the  angle  for  locating  a  pier  and  set  a 
wooden  target,  usually  on  the  opposite  shore,  where  it  is  not  likely  to  be 
disturbed.  Turn  off  the  angle  ten  to  twenty  times  ccntinucvMly  Bxonnd 
the  limb,  marking  the  line  each  time  where  the  line  of  sight  strikes  the 
target.  This  will  residt  in  a  series  of  lines,  the  average  of  which,  assumed 
to  be  correct,  is  marked  conspicuously  on  the  target.  Repeat  the  opera- 
tion for  each  intersecting  line  used  in  locating  eacn  pier.  Reference  each 
target.  (11)  When  piers  are  built  in  an  open  coffer-dam,  or  when  staging 
is  used,  points  on  lines  may  be  placed  on  tbe  dam  or  the  stajging  and  occa- 
sionidly  tested  to  see  that  they  have  not  been  disturbed.  When,  however, 
the  pier  is  built  in  a  movable  caisson  the  latter  should  be  kept  in  place 
by  daily  tests ;  no  angles  are  turned  off,  but  sights  are  taken  to  the  targets* 
(12)  For  round  piers  only  one  point  is  given  (the  center),  Vut  for  rectangu- 
lar piers  an  additional  point  near  the  periphery  must  b^  given  to  detect 
any  rotation  of  the  pier  about  its  vertical  axis  during  t][i9  winking  of  the 
caisson. 


CHAPTER  XVIII 

TRANSIT  SURVEYING— PROBLEMS 

l^BSRB  are  oertain  geometncal  and  trigonometrical  problems  which 
occasionally  arise  in  transit  Burveyins,  but  which  are  of  too  infrequent 
occurrence  to  be  considered  a  part  of  the  routine  field  work.  These  prob- 
lems have  been  grouped  for  reference  in  this  chapter.  Many  of  them  are 
problems  in  simple  triangulation  to  which  the  methods  of  Chapter  XVI 
apply. 


276.  Problems  in  Triangulation.  On  pages  64  to  66  are 
given  the  so-called  obstacle  problems.  Most  of  these  problems 
are  solved  in  transit  surveying  by  triangulation.  While  it  is 
not  often  necessary  to  resort  to  the  precise  methods  described 
in  Chapter  XVI,  the  points  emphasized  in  that  chapter  should 
be  kept  in  mind,  namely,  that  the  accuracy  of  any  triangulation 
depends  to  a  large  extent  up>on  the  proportions  of  the  triangles 
and  that  very  obUque  intersections  should  be  avoided.  Usually 
it  will  be  sufficiently  accurate  to  measure  each  angle  with  an 
ordinary  transit  reading  to  minutes,  doubling  each  angle  if 
dedired,  but  more  accurate  methods  should  be  adopted  when 
they  are  warranted  by  the  importance  of  the  work.  If  two 
b'nes  starting  from  the  same  point  make  an  angle  of  one  minute 
with  each  other,  they  will  be  approximately  0.03  ft.  apart  at 
100  ft.  from  their  intersections  and  0.3  ft.  apart  at  1000  ft., 
i.e.,  the  error  for  one  minute  of  arc  is  O.OS  ft.  per  100  ft.  See  p. 
105.  These  quantities,  if  kept  in  mind,  will  often  suggest  the 
precision  with  which  angles  should  be  measured  in  order  to 
meet  given  requirements. 

277.  Obstacles  to  Transit  Surveying.  Obstacles  to  alignment 
and  obstacles  to  measurement  give  rise  to  a  special  set  of  prob- 
lems in  transit  surveying.  Many  of  the  methods  already  given 
for  obstacle  problems  in  chaining  (Chapter  VII)  can  be  used  in 
transit  surveying,  and  with  greater  precision.  The  problems 
treated  in  this  chapter  are  those  most  likely  to  arise  in  prac- 
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tice.  Two  or  three  constructions  are  explained  for  each  prob- 
lem— enough,  it  is  thought,  to  suggest  other  methods  not  only 
for  problems  given  here,  but  also  for  those  problems  which 
occur  so  seldom  in  practice  that  they  have  been  omitted.'*' 

Choosing  methods.  In  choosing  between  the  methods  given 
for  each  problem  two  things  are  to  be  considered :  accuracy 
and  time.  When  one  method  seems  as  accurate  as  another 
and  it  is  simply  a  question  of  which  is  the  quicker,  it  should  be 
noted  that  constructions  which  require  the  least  time  when 
worked  out  on  paper  sometimes  require  the  most  time  when 
worked  out  in  the  field.  Thus,  for  example^  the  intersection 
of  two  straight  lines  is  quickly  found  on  paper,  but  not  so 
quickly  in  the  field.  Perpendiculars  and  parallels  afe  quickly 
drawn  on  paper,  but  corresp>onding  operations  in  the  field  may 
involve  considerable  work. 


Obstacles  to  Alignment 

(a)  To  prolong  a  straight  line  through  an  obstacle.    Three 
methods  are  shown  in  Fig.  277  (a).    In  all  thtee  methods  each 


FiQ.  277  (a). 

point  at  which  the  transit  was  set  up  is  indicated  by  a  small 
triangle,  and  the  angles  actually  laid  off  are  noted  on  the  figure. 
The  lines  to  be  prolonged  are  respectively  AB,  GH,  and  LM. 

First  method.  Lay  out  a  rectangle  BCDE,  the  fourth  side  of 
which,  BE,  is  in  the  required  Une. 

Second  method.  Lay  out  an  equilateral  triangle,  HIJ,  the 
third  side  of  which,  HJ,  ia  in  the  required  line. 

Third  method.  Lay  out  a  square  MNPO,  the  diagonal  of 
which,  MPf  is  in  the  required  line. 

*  For  B  very  comolete  collection  of  such  problems  see  Gillespie's  Sur^ 
v^eying.  Vol  I,  pp.  245  to  257. 
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,  1^  thtM  mel%0ii  etmp&fed.  The  ractangle  method  Is  less  MettrMe  iks* 
eiiper  of  the  others  when  the  richt  angles  at  C,  X>«  and  E  have  to  be  turned 
OB  tram  Abort  badcsiifhts.  When,  however,  the  hnes  A'F'  and  MF  Ate 
Mtafa^hed  by  offaeit  this  methoa  is  vely  8atisfaotonr«  e^)eoiaUy  when 
l<mg  ni^ts  jiarallel  to  the  original  line  can  be  taken.  Thus  A'  and  C  hav- 
ing been  established  by  offsets,  «h6  transit  may  be  set  at  elthef  point, 
Sreferably  A\  and  two  points  D  and  F'  established  in  the  line  A'C  proouced. 
' and  Fmay  then  be  found  by  measurement,  assuming  that  the  ^sets  are 
tlioff.  This  is  iibotit  the  only  taethod  that  is  used  ^hen  the  space  is  too 
iMifrow  to  permit  triangles  to  be  laid  out.  Another  method  of  avoiding 
riMirt  bodcni^iiii  in  the  r^ctan^  method  is  to  set  some  point  C  in  bC 

Eroduced,  and  to  use  this  point  as  a  backsight  in  taming  on  00*  &t  C.     SiMi- 
irly  set  some  point  in  DE  produced,  as  far  away  as  convenient,  and  use 
this  point  as  a  backsight  in  turning  off  90^*  at  E. 

Tiie  equilateral-triangle  method  requires  fewer  set-ups  than  either  of 
the  others,  and  the  distance  HJ  is  knowti  tirithouf  calculation.  It  is  a 
good  method  to  use  especially  if  an  equilateral  triangle  can  be  run  on  the 
Dther  side  of  the  object  as  a  check.  The  third  method  has  the  advantage 
ikaft  no  littear  meiusuTements  are  necessary,  the  work  being  done  wholly 
with  the  transit.  If,  however,  the  distanee  from  J/  to  P  is  required,  either 
the  diagonal  NO  must  be  measured  or  else  MP  must  be  calculated  from 
the  sides  of  the  square. 

PracticcU  Hints.  (1)  Of  course  convenient  distances  arbitrarily  chosen 
may  be  used  for  the  sides  of  the  figures,  but  if  possible  they  should  be  at 
least  from  100  to  300  ft.  Iook  to  avoid  short  backsights.  For  the  same 
reason  120<>  was  measafed  at  ^and  /  aAd  135"^  at  M,  instead  of  60°  and  45^ 
respectively,  it  being  presumed  that  the  longest  backsight  could  be  had 
in  the  direction  of  (Tor  /  in  one  case  and  in  the  cUreotion  of  L  in  the  other. 
(2)  There  are  other  methods  than  the  three  Itiven  which  are  equally 
good.  Of  course  any  system  of  triangulation  may  be  used,  but  it  is  well 
to  avoid  the  calculation  inv(Hved  kn  the  use  of  oblique  triangles. 

(b)  To  run  a  line  between  two  given  points,  when  an  obstacle 
intervenes. 

First  method.  C  is  any  convenient  point  which  is  visible 
frofn  ^e  two  given  points  A  and  B.    Make  CD  ^AC  and  CE  -■ 


Fig.  277  (&). 

CB.  Measure  ACB  and  CDE.  Then  lay  off  the  angle  CAB- 
GDE,  and  the  angle  CBA  =  180°  -  (ACB  +  CDE).  (Or  the  value 
of  CBA  can  be  found  by  measuring  CED.  This  affords  a  check.) 
Transit  points  and  angles  actually  measured  or  laid  off  are  indi- 
eiiiM  oft  the  figtife  bjr  arrows. 

Another  tnethod.    Measure  AC  and  BC,  also  the  angle  ACB,  and  solvd 
for  the  two  an^cs  CAB  and  CBA  by  trigonometry. 

Second  method*    Choose  H,  any  convenient  point  visible  from 
the  two  given  points  F  and  G.    Produce  FH  to  somfc  ^\w\.  ^ 
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and  measure  GHJ.  Turn  off  at  G  the  angle  HGI^90°^OHJ. 
This  makes  G/F  a  right  angle.  Hence  tsinHFG=GI-i-FI.  The 
angle  thus  calculated  is  laid  off  at  F,  and  its  complement  at 
G,  the  angle  at  G  being  laid  off  first  to  save  a  "set-up." 

Practical  hinta.  The  first  method  requires  four  set-ups,  the  second 
three,  but  trigonometrical  computation  is  involved  in  the  second.  The 
second  method  can  be  used  sometimes  where  there  is  not  rocHn  on  the 
groimd  to  lay  out  the  first. 


Obstacles  to  Measurement 

(c)  To  measure  between  two  points  when  one  is  inaccessible.    The 
methods  given  for  solving  this  problem  with  the  tape  (see  page 


Fig.  277  (c). 

64)  can  be  used  also  with  the  transit.  There  are  several  other 
methods,  three  of  which  are  given  here. 

First  method.  Lay  off  a  base-line  AC  perpendicular  to  the 
required  line  AB,  and  of  any  convenient  length.  Then 
ACxtanBCA^AB. 

Second  method.  Lay  off  DF  perpendicular  to  the  required 
distance  DE,  and  of  any  convenient  length.  Measure  DFE  and 
lay  off  DFG  =  DFE.     Then  DH  =  DE. 

Third  method.  When  both  ends  of  the  lines  are  accessible  a 
third  point  K  may  be  chosen.  In  the  triangle  DKE  measure 
enough  parts  to  obtain  DE,  as,  for  example,  two  sides  and 
included  angle,  or  one  side  and  two  adjacent  angles. 

Practical  hirUa.  The  second  method  appears  on  paper  to  be  the  easiest, 
as  no  calculation  is  involved.  Considerable  work  is  involved,  however, 
in  laying  off  accurately  the  angle  DFG  and  in  finding  the  precise  i>oint  of 
intersection  at  H,  i.e.,  the  intersection  of  FG  with  ED  produced.  More- 
over, many  times  there  is  not  room  to  lay  off  DH. 

To  check  either  the  first  or  the  second  method  repeat  the  process,  using  a 
perpendicular  or  base-line  of  different  length.  To  check  the  third  method, 
choose  a  new  point  in  place  of  K,  and  repeat  the  process.  Sometimes  it 
/s  better  to  check  one  method  by  using  an  entirely  different  one. 
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(d)  Special  case.  To  measure  the  distance  between  two  given 
points  when  one  is  invisible  from  the  other  and  is  also  inaccessible. 

One  solution.  Choose  two  auxiliary  points  visible  from  both 
of  the  given  points  and  from  each  other.  The  inaccessible  point 
and  the  two  auxiliary  points  form  a  triangle,  and  by  measuring 
the  angle  at  each  of  the  auxiliary  points  and  using  the  distance 
between  them  as  a  base,  the  sides  of  the  triangle  can  be  calcu- 
lated. An  auxiliary  point,  the  given  point,  and  the  inaccessible 
point  form  a  triangle  one  side  of  which  has  just  been  found  by 
calculation,  another  side  (from  the  given  point  to  the  auxiliary 
point)  can  be  measured,  and  the  angle  between  these  two  sides 
can  also  be  measured.  The  third  side  (the  required  distance) 
can  then  be  found  from  these  two  sides  and  the  included  angle. 

Remark.  This  is  an  example  of  numerous  special  cases  which  now  and 
then  arise  in  practice,  the  solutions  of  which  depend  on  various  forms  of 
triangriilation.  The  student  should  draw  a  figure  illustrating  the  method 
here  given. 


Fig.  277  (c). 


(e)  To  measure  between  two  points  when  both  are  inaccessible. 
Let  AB,  Fig.  277  (c),  be  the  required  distance.  Lay  off  any 
convenient  base-line,  as  CD,  and  meas- 
ure its  length.  At  C  measure  the 
angles  ACD  and  BCD.  At  D  measure 
ADC  and  BDC,  In  each  of  the  tri- 
angles ACD  and  BDC  one  side  and 
two  adjacent  angles  are  now  known, 
and  hence  the  distances  AC,  AD,  BC, 
and  BD  can  be  calculated.  AB  can  then  be  found  from  either 
of  the  triangles  ACB  or  ADB,  one  computation  serving  as  a 
check  on  the  other.  (Two  sides  and  included  angle.  See  formulas 
in  the  back  of  the  book.) 

if)  To  measure  the  height  of  an  inaccessible  point. 
General  method.     In  Fig.  277  (f),  B  is  the  point  the  height  of 

which  is  required.     The  transit  is  set  up  at 
^  any  convenient  point  A,  and  the  vertical 
angle  BAC  is  measured,  AC  being  a  hori- 
zontal line. 

Case  I.  When  AC  can  be  measured 

Fig  277  (/)  BC  =  AC Xta^n  BAC. 

Case  II.  When  C  is  inaccessible  find  -AC  by 
one  of  the  methods  of  Art.  277  (c)  and  proceed  aa  Vn  C>«J6fc\, 
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^8.  Pierpeadiariari 

(a)  To  edaibUA  a  perpemdiadar  to  a  giuea  /mm  /fom  mmy  guwn 


Case  I.  When  the  given  line  AC  and  ikt  giren  poini  B  are  both 
tsecessible.  At  any  point  A  on  AC  measure  CAB,  and  at  B 
lay  off  ABB'=W-CAB. 

Case  n.  When  the  given  line  EF  is  acce-tigibte  hut  the  given 
paini  D  ie  inaecessible.  At  any  two  points  E  and  F  measure 
DEF  and  EFD.  Tben  EDF='lSff'-{DEF^EFD)  ^d  JgO=- 
[EFXsn  £^F/)Xcos  DEFJ^sin  f  DF. 

CSmb  nL  When  the  given  point  J  i*  aecesfible  hul  the  given 
line  HI  it  inaeeesnble.  dioose  some  point  K,  and  witli  KJ  as 
a  faafie-line  find  the  angle  JHI  by  the  method  of  Art.  ^?77  (e), 
p.  223.    Turn  off  HJL  =  9(f-JHL 

Qf)  To  egtabiish  a  line  through  a  given  point  parottd  to  a  given 
One, 


Fig.  378(61. 


Case  I.  When  the  given  line  AB  and  the  given  point  C  are  both 
accessible.     At  any  point  B  measure  ABC,  and  at  C  lay  off 

Caoe  n.   When  the  given  line  EF  ie  acce<ssible  but  the  given 
paitU  G  is  inaeceesible.     At  ang  two  points  E  and  ¥ 
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GEF  and  EFG.  At  F  lay  off  EFH'  =  GEF,  and  at  E  lay  off 
FEH'-EFG.  The  intersection  of  EH  and  F^'  is  a  point  in  the 
required  line  through  G. 

Case  III.  When  the  given  point  K  is  accessible  hut  the  given 
line  IJ  is  inaccessible.  Choose  some  point  L,  and  with  KL  as 
a  base-hne  find  the  angle  UK  by  the  method  of  Art.  277  (e), 
p.  223.     Lay  off  J  KM  =  UK. 


CHAPTER  XIX 

USE  OF  THE  LEVEL  AND  THE  LEVELING-ROD 

m 

Many  of  the  directions  for  setting  up  the  transit  and  for  using  its  tele- 
scope (Chapter  IX)  apply  equally  well  to  the  use  of  the  level,  so  that  only 
a  few  additional  suggestions  are  necessary.  Before  undertaking  any  work 
in  leveling,  however,  the  student  should  practice  reading  the  leveling-rod 
following  the  directions  given  in  this  chapter.  Special  attention  is  called 
to  the  "danger-points"  or  places  on  the  rod  where  mistakes  in  reading  are 
most  likely  to  be  made. 


279.  Setting^  up  the  Level.  In  setting  up  the  level  the  sole 
object  is  to  get  the  axis  of  the  telescope  level,  and  to  keep  it 
there,  so  that  the  hne  of  sight  will  always  revolve  in  the  same 
horizontal  plane.  The  process  is  easier  than  that  of  setting  up 
a  transit,  since  it  is  not  necessary  to  center  the  instrument  over 
any  given  point.  Plant  the  tripod  legs  in  the  ground  so  that 
the  head  of  the  instrument  is  approximately  level  as  judged 
by  the  eye.  Turn  the  telescope  until  it  is  above  two  diagonally 
opposite  thumb-screws,  and  bring  the  bubble  to  the  center  of 
the  tube  by  turning  the  screws  (see  p.  88).  Turn  the  telescope 
until  it  is  ovca*  the  other  pair  of  screws  and  level  up  as  before. 
Turn  it  back  until  it  is  over  the  first  two  screws  and  repeat  the 
process,  first  over  one  pair  of  screws  and  then  over  the  other, 
until  the  bubble  stays  in  the  center  of  the  telescope  no  matter 
in  what  direction  the  latter  may  be  pointed. 

Practical  hirUa.  (1)  The  bubble  will  move  in  the  direction  in  which  the 
left  thumb  is  turned. 

(2)  Observe  the  first  four  hints  for  manipulating  the  tripod  given  on 
p.  87,  Art  114,  and  the  hints  for  asing  the  thumb-screws  given  on  p.  88, 
Art.  114. 

(3)  Observe  the  suggestions  as  to  vhere  to  set  up  given  in  Art.  322,  p. 
251,  and  note  the  errors  (Art.  349)  which  arise  from  setting  up  care- 
lessly.    It  is  especially  important  that  the  level  should  not  settle. 

(4)  If  the  level  is  out  of  adjustment,  it  may  be  impossible  to  set  it  up 
so  that  the  bubble  will  remain  in  the  center  for  all  positions  of  the  tele- 
scope, but  errors  from  this  source  may  be  eliminated  by  making  back- 
sight and  foresight  equal. 
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280.  Use  of  the  Telescope.  Suggestions  for  focusing  and 
sighting  have  ah-eady  been  given  on  page  85.  Additional  pre- 
cautions are  necessary  in  leveling,  for  the  accuracy  of  the  work 
depends  to  a  large  extent  on  keeping  the  line  of  sight  truly  hori- 
zontal. Anything,  therefore,  which  tends  to  throw  the  telescope 
in  the  least  out  of  level  should  be  avoided. 

The  whole  instrument,  and  especially  the  telescope,  should 
be  handled  with  a  delicacy  of  touch  that  will  preclude  any 
serious  disturbance,  such,  for  example,  as  that  which  may  come 
from  the  downward  pressure  of  the  hand  up>on  the  focusing- 
screw  while  sighting  through  the  telescope. 

(a)  An  experiment.  The  results  of  the  following  simple  experiment  will 
surprise  even  experienced  levelmen  who  have  never  tried  it,  and  will  im- 
press upon  the  Msinner  the  great  sensitiveness  of  a  good  level.  Carefully 
set  up  and  level  the  instrument.  ( 1 )  Rest  the  hands  rather  heavily  upon 
two  legs  of  the  tripod  and  watch  the  bubble  **move  out,"  returning  to  place 
when  the  hands  are  removed.  (It  will  often  move  out  three  or  tour  divi- 
sions, which  might  make  an  error  of  0.15  ft.  in  a  rod-reading  if  the  rod 
were  held  300  ft.  from  the  instrument.)  (2)  The  same  results  will  follow 
if  the  weight  of  the  hand  rests  on  the  focusing-screw  of  the  object-glass 
or  the  eyepiece  at  the  rear  of  the  telescope.  Moral.  Keep  the  hands  off 
the  instrument  after  it  is  focused  on  the  leveling-rod.  (3)  Place  several 
fingers  on  one  end  of  the  glass  bubble-tube  and  observe  how  the  warmth  of 
the  fingers  will  **draw"  the  bubble.  Moral.  Very  accurate  work  cannot 
be  done  when  the  sun  shines  on  one  end  of  the  tube  and  not  on  the  other. 

281.  Reading  the  Leveling-rod.  There  are  two  methods, 
viz.:  (1)  The  rodman  moves  the  target  up  or  down  until  a  sig- 
nal from  the  levelman  tells  him  that  the  center  of  the  target  is 
exactly  covered  by  the  horizontal  hair  in  the  level;  (2)  The 
levelman  observes  the  division  on  the  rod  exactly  covered  by 
the  horizontal  hair,  and  gets  the  reading  directly  through  the 
telescop>e  without  the  use  of  a  target. 

The  method  of  reading  the  target  depends  upon  whether  the 
target  is  provided  with  an  ordinary  scale  or  with  a  vernier. 
Both  cases  are  explained  in  the  succeeding  pages. 

Note,  In  explaining  how  to  read  the  leveling-rod  (Arts.  282-283)  it  is 
taken  for  granted  that  the  target  is  used.  Once  having  learned  to  take 
target  reaoings  correctly,  it  is  an  easy  matter  to  read  the  rod  directly 
through  the  telescope. 
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282.  Targets  with  Ordinary  Scales.  The  figures  on  the  op- 
posite page  illustrate  two  forms  of  the  Philadelphia  rod.  The 
scales  on  all  six  targets  are  exactly  alike,  i.e.,  each  is  a  tenth  of  a 
foot,  subdivided  into  hundredths  and  half-hundred ths  (0XX)6 
ft.).  Ill  the  three  upper  figures  the  smallest  division  on  the 
rod  is  one  tenth  of  a  foot,  while  in  the  three  lower  figures  eadi 
tenth  is  further  subdivided  into  ten  parts,  or  hundredths  of  a 
foot.  This  latter  subdivision  is  for  reading  without  a  target. 
In  target-readings  no  attention  is  paid  to  hundredths  of  a  foot  on 
the  rod.  In  the  three  lower  figures  readings  are  taken  to  the 
upper  edge  of  a  black  mark  instead  of  to  a  fine  line,  as  in  the 
upper  figures:  this  is  the  only  difference  between  the  two  forms 
of  rods  so  far  as  taiget-readings  are  concerned.  Note  that  the 
taiiget-seales  are  not  verniers, 

(a)  To  read  the  rod.  (1)  Note  the  nearest  foot  below  the  zero 
jor  target-center. 

(2)  Note  the  nearest  tenth  of  a  foot  below  the  target-center. 

(3)  Note  the  division  on  the  scale  opposite  the  tenth  of  a 
foot  observed  in  (2). 

(4)  If  no  division  on  the  scale  coincides  with  the  tenth  of  a 
foot-mark  on  the  rod,  note  the  nearest  division  on  the  scale 
above  the  marie  on  the  rod  and  estimate  the  thousandths  of  a 
foot  thus:  5.31  -f  0.003  (estimated)  =  5.313.  The  method  of  get- 
ting the  correct  reading  for  each  rod  (printed  on  the  target)  is 
given  below. 
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(6)  Common  mistakes.  (1)  To  omit  a  zero  from  a  reading; 
thus,  5.25  instead  of  5.205,  or  6.05  instead  of  6.005,  or  6.65  in- 
stead of  6.065. 

(2)  To  omit  two  zeros  from  the  reading;  thus,  6.5  instead  of 
6.005. 

(3)  To  take  the  nearest  numbered  division  above  the  target- 
center  instead  of  below  it;  thus,  6.94  instead  of  5.94,  or  6.105 
instead  of  6.005,  or  6^65  instead  of  6.065.  "" 

Remark.     A  study  of  the  figures  on  the  opposite  paf^e  mW^Vvcrw  \Xv».\.\Xia 
above  mistakes  are  natural  ones  for  the  beginner  to  ra&Ve. 
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283.  Targets  with  Verniers.  Hundredths  are  read  on  the 
rod  itself  instead  of  on  the  target,  as  in  the  preceding  illustra- 
tion. Thousandths  are  read  from  the  vernier,  not  estimated. 
The  graduations  on  the  New  York  rod  (three  upper  figures,  op- 
posite page)  do  not  differ  from  those  on  the  second  form  of 
Philadelphia  rod,  except  that  hundredths  of  a  foot  are  marked 
with  fine  lines.  On  the  target,  however,  ten  divisions  correspond 
to  nine  on  the  rod  (see  middle  figure),  or  each  division  is  ^iirs  ^** 
shorter  than  a  division  on  the  rod. 

To  read  the  rod.  (1)  Read  feet,  tenths,  and  hundredths  by 
observing  the  position  of  the  vernier  zero.  (2)  Read  thou- 
tandths  by  observ^ing  what  mark  on  the  vernier  coincides  with 
any  mark  on  the  rod. 

Feet  +  Tenths  +  Hundredths  +  Vernier  ==  Reading  Mistaken   readings 
5+     0     +         0         +8     =5.008        5.08    or5.8 
6+0+         1         +0=  5.010        5.10 
4+     9     +         8         +6     =4.986        5.986or5.16 

284.  Extended  Rods.  When  a  reading  is  over  7  ft.  the 
front  half  of  the  rod  is  extended  \ip,  and  the  reading  is  taken 
from  the  back  of  the  lower  half.  Each  of  the  first  three  lower 
figures  on  the  opposite  page  represents  the  back  of  a  Philadel- 
phia rod,  while  the  fourth  figure  represents  a  New  York  or  ver- 
nier rod.  The  graduations  on  the  back  of  the  rod  are  numbered 
from  the  top  downwards,  or  in  just  the  reverse  direction  from 
the  numbering  on  the  front  of  the  rod.  Consequently,  in  read- 
ing the  back  of  the  rod,  observe  the  nearest  foot  and  tenth 
above  the  zero  of  the  scale  instead  of  below  it,  i.e.,  read  down- 
ward instead  of  upward;  this  m  the  only  difference  between 
reading  the  back  and  the  front  of  a  leveling-rod. 

(a)  To  use  a  high  rod.  The  first  step  is  to  set  the  center  of 
the  target  exactly  opposite  the  7-ft.  mark  on  the  front  of  the 
rod.  Before  extending  the  rod  the  reading  on  the  back  should 
be  exactly  7  ft.  (see  first  figure),  and  the  target  should  be  exactly 
7.0  ft.  from  the  base  of  the  rod-.  (See  Art.  286  for  precaution.) 
If  the  front  half  of  the  rod  with  the  target  fixed  at  7  ft.  is 
then  raised,  say,  0.06  ft.,  the  reading  on  the  back  should 
be  0.06  (see  second  figure).  The  reading  for  the  third  rod  is 
8.205.  (Mistaken  readings  8.25,  7.25.)  For  the  vernier  rod 
the  correct  reading  is  9.097.  (Mistaken  readings  9.9T,^.VQfT^ 
8.107.) 
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(b)  Remark.  The  chief  source  of  error  in  reading  a  "hieh  rod"  is  to 
read  the  back  of  the  rod  upward  instead  of  downward.  The  Boston  rod 
(a  form  not  shown  here)  must  be  inverted  end  for  end  when  used  as  a 
high  rod.  On  many  rods  the  last  graduation  on  the  front  and  the  first  on 
the  back  is  6.5  ft.  instead  of  7  ft. 

(c)  Note.  The  upper  half  of  leveling-rods  should  be  graduated  so  that, 
if  desired,  the  extended  rod  can  be  read  directly  through  the  telescope. 
8<niie  rods  are  jointed  near  the  bottom  so  that  practically  the  whole  front 
half  of  the  rod  is  extended  for  a  high  rod.     In  this  case  the  surveyor  can 

graduate  the  hack  of  the  upper  half  for  himself  if  the  maker  has  failed  to 
o  so. 

285.  The  Difference   between  Methods  of   Readings  the 

ordinary  rod  and  a  vernier  rod  may  be  summed  up  as  follows: 


Target  with  a  scale 

(1)  It  is  not  necessary  to  ob- 
serve the  hundredth  of  a  foot  on 
the  rod;  take  the  nearest  tenth 
below  the  zero  of  the  scale  (or 
above  it  for  extended  rod). 

(2)  Thousandths  are  esti- 
mated. 


Target  with  a  vernier 

(1 )  The  hundredth  of  a  foot- 
mark  on  the  rod  just  below  the 
zero  of  the  vernier  (or  above  it 
for  extended  rod)  must  be  ob- 
served. 

(2)  Thousandths  are  read 
from  the  vernier. 


286.  To  Test  a  High  Rod-reading.  When  using  any  rod 
for  the  first  time  the  following  test  should  be  made:  Clamp  the 
target  at  the  highest  mark  on  the  front  of  the  rod,  set  the  zero 
at  the  correspK)nding  mark  on  the  back  of  the  rod,  measure  from 
the  base  of  the  rod  to  the  target-center  with  a  steel  tape  or 
another  leveling-rod,  and  see  if  this  measurement  agrees  with 
the  reading  (6.5  ft.  or  7.0  ft.).  If  it  does  not  agree,  make  a  fine 
scratch  on  the  face  of  the  rod  to  indicate  where  the  target 
should  be  set.  Set  the  target  at  this  scratch,  extend  the  rod 
to  any  reading,  clamp,  measure  to  the  target-center,  and  com- 
pare readings  as  before.  Repeat  this  last  step  two  or  three 
times;  it  not  only  shows  exactly  where  to  set  the  target,  but 
it  settles  all  doubt  as  to  how  the  rod  is  read  when  extended. 
If  an  error  is  found,  attach  a  marked  tag  to  the  rod  or  mark 
the  rod  in  some  other  way  as  follows:  "The  target  on  this  rod 
should  be  set  at  6.995  instead  of  7.0  ft.  for  all  high  rod-readings." 

Remark.  The  error  described  above  is  very  often  found  in  leveling-rods, 
especially  if  they  have  been  used  for  some  time.  It  is  often  caused  by 
letting  a  high  rod  down  "on  the  run,"  thus  jamming  the  small  piece  at 
the  upper  end  of  the  rod,  and  gradually  knocking  it  upward.  Out  of  a 
large  number  of  school  rods  examined  by  the  author  over  75%  contained 
this  error. 

A  second  test.    Ascertain,  by  measuring  with  a  tape,  the  read- 
ing'at  which  the  scale  or  vernier  on  the  back  of  the  rod  should 
be  set  in  order  that  readings  taken  on  the  front  of  the  rod  abovt 
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the  joint  shall  be  correct.  It  is  not  safe  to  assume  that  when 
the  joint  is  closed  in  perfect  contact  the  readings  above  it  will 
be  correct.  (Why  is  it  better  to  have  this  joint  near  the  top  of 
the  rod  than  near  the  bottom?) 

287.  Use  of  the  Hand-level.  Hold  the  level  to  the  eye  and 
raise  or  lower  the  end  until  the  reflection  of  the  bubble  is  exactly 
bisected  by  the  cross-hair.  The  horizontal  line  of  sight  thus 
estabUshed  is  at  the  elevation  of  the  eye.  There  are  two  ways 
of  leveUng  with  a  hand-level. 

(1)  To  ttand  erect.  In  this  case  the  "height  of  instrument" 
is  found  by  adding  to  the  elevation  of  the  ground  upon  which 
the  observer  is  standing  the  height  of  the  eye  above  the  ground. 
Any  other  point  which  the  line  of  sight  strikes  is  of  the  same 
elevation  as  the  eye.  Selecting  such  a  point  and  moving  for- 
ward to  it,  the  observer  stands  with  his  feet  on  a  level  with  it, 
and  estabUshes  a  new  '^ height  of  instrument"  as  before. 

Note,  The  above  method  is  used  when  leveling  up  hill.  In  leveUng  down 
hill  the  process  is  reversed.  The  leveler  moves  down  each  time  to  a  point 
where  he  can  «tand  and  have  the  horijsontal  line  of  sight  strike  the  point 
which  he  just  left.  He  can  then  find  the  elevation  of  the  groiind  where  he 
is  standing  by  subtracting  the  height  that  his  eye  is  above  the  ground  from 
the  elevation  of  the  point  sightecT at. 

(2)  To  rest  the  level  on  a  rod  of  known  height,  say  five  feet. 
This  is  more  accurate  than  the  preceding  method,  as  the  height 
of  instrument  is  always  exactly  five  feet  above  the  ground  upon 
which  the  rod  rests. 

The  hand-level  is  intended  to  give  only  approximate  results, 
and  is  used  mostly  for  locating  contours.  In  this  work  it  is 
usually  necessary  to  start  with  the  hand-level  at  the  elevation 
of  one  of  the  required  contours.  This  is  done  by  backsighting 
on  a  bendi-maric  or  point  of  known  elevation,  as  explained  in 
the  following  illustration. 

lUuatraixon.  It  is  required  to  locate  contours  at  five-foot  intervals. 
(See  Chapter  XXVII.)  The  elevation  of  the  bench-mark  nearest  to  the 
starting-point  is  93.684  ft.  The  hand-level,  held  on  a  five-foot  rod,  is  moved 
up  or  down  hill  until  the  Hne  of  sight  strikes  1.3  ft.  (or  95-93.7)  from  the 
Wise  of  a  rod  held  on  the  bench-mark.  Then  the  height  of  the  line  of 
sight  must  be  95  ft.,  and  the  elevation  of  the  ground  at  the  base  of  tho 
rod  supporting  the  hand-level  is  95— 5=90  ft. 


CHAPTER  XX 
LEVELING— THEORY 

In  this  chapter  the  theory  of  leveling  is  explained  without  entering  upon 
the  practical  details  of  the  field  work.^  Leveling  terms  are  defined  and 
forms  given  for  level  notes.  Practical  directions  and  suggestions  for  field 
work  will  be  found  in  the  next  chapter. 


288.  Leveling.  A  branch  of  surveying  the  object  of  which 
is: 

(a)  To  ascertain  the  difference  of  elevation  between  two  or 
more  points. 

For  example,  to  find  how  much  a  given  point  on  the  earth's 
surface  is  higher  or  lower  than  another  given  point. 

(6)  To  establish  one  or  more  pK)ints  at  the  same  or  at  differ- 
ent elevations  with  respect  to  a  fixed  point. 

For  example,  to  establish  points  all  on  a  level  or  on  a  slope 
for  grading,  or  to  fix  the  heights  for  different  parts  of  a  struc- 
ture. 

289.  Datum.  In  any  given  survey  all  elevations  are  referred 
to  some  common  datum.  This  datum  is  usually  an  imaginary 
level  surface,  all  points  of  which  are  assumed  to  have  an  eleva- 
tion of  zero.  The  elevation  of  any  other  point  is  its  distance 
above  or  below  this  surface  or  datum. 

290.  Datum  Line  and  Datum  Plane  are  two  terms  whose 
meanings,  though  obvious,  are  less  general  and  comprehensive 
than  the  simple  term  datum.  In  fact,  as  pointed  out  on  page  1, 
a  level  surface  is  not  a  plane  surface  but  a  curved  surface, 
hence  a  level  line  is  not  a  straight  line  but  a  curved  line.  This 
distinction  is  not  often  made,  however,  in  plane  surveying,  since 
curvature  of  the  earth's  surface  is  ignored. 

The  mean  sea-level  affords  a  convenient  datum  the  world 
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and  elevations  are  commonly  given  as  so  much  above  oi 
7  sea-level.  It  is  often  more  convenient,  however,  to 
tie  some  other  datum,  especially  if  only  the  relative  eleva*- 

of  points  are  required. 

1.  Bench  or  Bench-mark.  A  fixed  point  of  reference 
e  elevation  with  respect  to  some  assumed  datum  is  known* 
used  either  as  a  starting-point  for  leveling,  or  as  a  point 

which  to  close  as  a  check.     In  a  survey  of  any  extent 
are  usually  a  number  of  such  bench-marks,  estabhshed 

respect  to  the  same  datum  and  at  points  where  they  are 

needed. 

ntration.  A  city  establishes  an  elaborate  system  of  bench-marks  so 
>y  starting  at  any  one  of  them  a  surveyor  can  determine  elevations 
esi^ect  to  the  same  datum  that  the  city  uses  in  its  engineering  work, 
it  is  more  convenient  to  end  at  a  different  bench  from  that  at  which 
rted,  he  will  still  have  a  check  upon  his  work. 

utrk.  The  elevation  of  the  first  bench-mark  is  sometimes  arbitrarily 
ed,  as,  for  example^  an  even  hundred  feet,  but  this  is  equivalent  to 
ing  arbitrarily  a  datum  one  hundred  feet  below  that  particular 
•mark  instead  of  assuming  the  sea-level  as  the  datum.  Tnis  would 
ne  only  when  the  relative  elevations  are  required  regardless  of  the 
ions  above  sea-level. 

2.  Stations.  Points  whose  elevations  are  to  be  ascer- 
i  or  points  that  are  to  be  established  at  a  given  elevation, 
e  that  a  station  is  where  the  leveling-rod  is  held  and  not 
J  the  level  is  set  \ip. 

\ark.  In  transit  surveying  the  transit  is  usually  set  up  directly  over 
ion.  In  leveling,  on  the  contrary,  the  level  is  practically  never  set 
Br  a  station,  but  is  placed  at  any  convenient  point  from  which  the 
IS  can  be  seen. 

J.  Plane  of  Sight.  If  a  level  is  in  adjustment  and  prop- 
let  up,  the  line  of  sight  will  revolve  in  a  horizontal  plane, 
b  will  always  lie  in  a  horizontal  plane  of  sight  no  matter  in 
direction  the  telescope  is  pointed.     (See  Fig.  294  (a).) 

\ark.  Since  this  plane  is  perpendicular  to  a  plumb-line,  it  is  tan- 
o  a  level  suriface  at  the  point  where  the  instrument  stands,  but,  as 
y  pointed  out,  the  distinction  between  a  level  surface  and  a  horison- 
ne  is  not  an  important  one  in  plane  surveying. 

• 

I.  The  Two  Essential  Steps  in  Leveling.  After  setting 
level  the  first  step  is  to  ascertain  the  elevation  of  its  plane 
ht  by  measuring  up  to  this  plane  from  some  point  whose 
ion  with  respect  to  the  assumed  datum  is  known;  then  the 
ion  of  any  other  point  may  be  found  by  measuring  down 
the  plane  of  sight.  These  t\^o  steps,  (1)  measuriwq  w^  to 
I)  doom  from  the  horizontal  plane  oi  &\^\),  ^oviX^Xife  ^^ 
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first  conception  of  spirit-leveling,  for  it  is  one  most  helpful  in 
practice,  and  comprises  practically  the  whc^e  theory. 


-^^SSi 


enchflOO 


B-^^S 


Fig.  294  (a). 


(a)  Illustration,  Let  the  elevation  of  the  bench-mark  in  Fi^  294  (a)  be 
100  ft.  above  some  assumed  datum.  It  is  required  to  ascertaui  the  eleva- 
tions of  the  ground  at  A,  B^  and  C  with  respect  to  the  same  datum. 

The  first  step  after  setting  up  the  level  is  to  ascertain  the  elevation  of 
its  horisontal  plane  of  sight.  The  line  of  sight  strikes  a  levelingTod  held 
on  the  bench  6  ft.  up  frcm  the  base  of  the  rod.  The  elevation  of  the  plane 
of  sight  is  therefore  100+6  =  106  ft. 

If  the  telescope  is  then  directed  to  A  and  it  is  4  ft.  down  from  where  the 
line  of  sight  strikes  the  rod  to  the  base  of  the  rod,  then  the  ground  at  A 
must  be  4  ft.  below  the  plane  of  sight,  or  the  elevation  at  >1  is  106—4  =  102 
ft.  Likewie-e  if  the  ground  at  B  is  8  ft.  below  the  plane  of  sight,  its  eleva- 
tion at  B  is  106—8  =  98  ft.;  if  at  C,  the  ground  is  2  ft.  below  the  pUne  of 
sight,  its  elevation  at  C  is  106  —  2  =  104  ft.  Thus  the  elevations  of  any 
number  of  points  may  be  obtained. 

Remark.  The  leveling-rod  is  graduated  in  only  one  direction,  from  the 
bottom  up,  and  so  there  is  really  no  difference  between  measuring  up  and 
measuring  down,  but  it  is  well  to  think  of  measuring  up  to  ascertain  the 
elevation  of  the  plane  of  sight,  and  measuring  dawn  to  ascertain  the  eleva- 
tion of  points  on  the  ground. 

295.  Height  of  Instrument.    The  elevation  of  the  plane  of 

sight  with  respect  to  the  assimied  datimi.     Thus,  for  example, 
106  ft.  is  the  height  of  instrument  in  Fig.  294  (a). 

Remark.  Notice  that  height  of  instrument  does  not  itiean  the  height  of 
the  telescope  above  the  ground  where  the  level  stands,  nor  does  it  mean 
its  height  above  the  last  station  backsighted  upon  imless,  as  is  rarely  the 
case,  the  elevation  of  this  last  station  is  the  same  as  the  assumed  datiAn. 

296.  Backsight.  A  sight  taken  on  a  rod  held  at  a  point  of 
known  elevation  to  ascertain  how  far  the  plane  of  sight  is  above 
that  point,  thus  establishing  the  height  of  instngment  wHh  re- 
spect to  the  assumed  datum.  For  example,  the  sight  on  the 
bench,  Fig.  294  (a),  is  a  backsight. 

Remark.  Backsighting  is  equivalent  to  measuring  up  from  tbe  fmint  ci 
known  elevation  to  the  plane  of  sight. 

297.  Foresight.  A  sight  taken  on  the  rod  held  at  a  point  of 
unknown  elevation  to  ascertain  how  far  that  point  is  hdow  the 

f^ane  of  eight,  thus  determining  tYie  c^aAion.  csi  that  point 
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with  respect  to  the  assumed  datum.    Thus,  for  example,  m 
Pig.  294  (a)  sights  on  A,  5,  and  C  are  foresights. 

Remark.  Foresighting  is  equivalent  to  measuring  down  from  the  plane 
of  sight  to  the  point  whose  elevation  is  required. 

Contusion  of  terms.  The  terms  backsight  and  foresight  are  unfortunate 
terms  be<»use  they  imply  direction.  They  h»ve  nothing  whatever  to  do 
with  direction.  A  backsight  is  not  necessaiily  on  a  point  behind  the 
lavelt  and  a  foresight  may  be  anywhere  in  front,  to  one  side,  or  behind, 
MS  shown  in  Fig.  291  (a),  where  all  the  sights  except  that  on  the  bench 
are  foresights. 

An  effort  has  been  made  to  avoid  this  confusion  of  terms  by  adopting 
the  term  plue  sight  in  place  of  backsight,  since  the  backsight  reading  is 
always  added  to  a  known  elevation,  and  m,inu8  sight  in  place  of  foresight, 
because  the  foresight  reading  is  always  subtracted  from  the  height  of  instru- 
ment. The  chief  objection  to  this  change  is  that  a  minus  foresight  already 
has  one  meaning,  i.e.,  a  foresight  taken  to  some  point  above  the  plane  of 
sight,  as  occasionally  happens,  for  example,  in  tunnel  work  or  in  leveling 
for  a  line  of  overhead  shafting. 

It  will  not  be  necessary  for  the  beginner  to  ask  the  usual  question: 
•'How  can  you  tell  which  is  a  backsight  and  which  is  a  foresightt"  if  he 
will  keep  in  mind  that  the  object  of  backsighting  is  to  establish  the  height 
of  instrument  (plane  of  sight),  while  in  foresighting  the  object  is  to  ascer- 
tain the  elevation  of  some  point. 

298.  Abbreviations.  B.S.  for  backsight,  F.S.  for  foresight, 
H.I.  for  height  of  instrument,  El.  for  elevation  of  a  station,  T.P. 
for  turning-point  (see  Art.  301),  B.M.  for  bench-mark,  and  Int. 
for  intermediate  stcUions  (Art.  300). 

299.  Theory  of  Leveling,  (a)  From  what  has  preceded  it 
is  seen  that  the  two  steps  in  leveling  for  any  one  set-up  are: 
(1)  To  find  how  far  the  plane  of  sight  is  above  a  point  of  known 
elevation  by  adding  to  that  elevation  the  backsight  rod-read- 

mg,  or 

(1)  E1.  +  B.S.  =  H.I. 

(2)  To  find  how  far  below  this  plane  of  sight  points  are  whose 
elevations  are  required,  by  subtracting  foresights  from  the  ele- 
vation of  the  plane  of  sight  (i.e.,  height  of  instrument),  or 

(2)  H.I. -F.S.  =  El. 

(6)  Note.  When  the  points  are  above  the  plane  of  sight  the  above 
rules  still  hold  good  provided  minus  signs  are  given  to  the  sights.  Thus,  _ 
for  example,  a  point  on  the  ceiling  of  a  room  is  used  as  a  bench-mark, 
and  its  elevation  above  some  assumed  datum  is  known  to  be,  say,  112  ft. 
The  leveling-rod,  held  bottom  end  up  for  convenience,  gives  a  backsight 
reading  of  6  ft.,  or  the  plane  of  sight  is  .six  feet  below  the  ceiling,  or  its 
elevation  is  obviously  106  ft.,  i.e.,  112 +  (—6)  =  106.  Suppo.se  that  the 
foresight  reading  to  some  point  just  below  the  ceiling  is  5  ft.  (rod  bottom 
end  up),  then  the  elevation  of  this  point  is  106  — (  —  5)=  111  ft. 

Minus  sights  seldom  occur  in  leveling  except  in  special  kinds  of  work. 

(c)  If  all  the  elevations  required  could  be  found  from  one  set- 
up of  the  level,  no  further  explanation  of  fundamental  princi- 
ples would  be  required,  but  even  when  the  level  is  frequently 
moved  the  work  consists  simply  in  repeated  a?5i^V\^^\Kss^^  ci\  *Cto.^ 
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two  steps  in  a  sort  of  endless  chain.  When  it  becomes  neces* 
sary  to  move  the  level  it  may  be  set  up  in  a  new  place,  the  new 
height  of  instrument  ascertained  by  backsighting  on  a  point 
whose  elevation  was  found  from  the  preceding  set-up,  and  from 
this  new  height  of  instrument  the  elevation  of  new  points  may 
be  found.  Thus  the  process  may  be  continued  indefinitely. 
The  point  to  be  emphasized  is  that  for  each  new  set-up  a  new 
height  of  instrument  must  he  ascertained. 


I. ?- ?. 0. L 


A'lOO 


F^as 


Fig.  299  (d). 


{d)  Illustration.  In  Fig.  299  (d)  it  is  not  intended  to  represent  stations 
in  a  straight  line, — they  may  be  anywhere  to  one  side  or  the  other  of  the 
level  as  in  the  preceding  figure,  p.  236..  Let  the  horizontal  broken  lines 
represent  planes  of  sight.  Let  the  target -readings  at  each  station  be  indi- 
cated by  the  number  at  the  point  where  the  Une  of  sight  (dotted  hue) 
strikes  the  rod.  Either  the  elevation  of  the  first  station  must  have  beeJa 
previously  determined,  or,  if  simply  relative  elevations  are  required  a;i  is 
often  the  case,  it  may  be  assumed  as  any  convenient  number,  say  100. 

Then  100  +  3  =  103  =  H.I.  when  level  is  at  L,  103  -  2  =  101  =  El.  of  B. 


101 +  5  =  106  =  H.I. 

106  =  H.L 

106  =  H.L 

106  =  H.L 

99  +  5  =  104  =  HJ. 


« « 


•  • 


•  *•  L2  106-2^104  =  E1.  "  C 

•  ••  L2  106-3  =  103  =  E1.  ••  D. 

•  ••  L2  106- 1  =  105  =  El.  ••  E. 

•  ••  Lo  106-7=   99  =  E1.  ••  F, 

•  *•  L3  104-2  =  102  =  E1.  ••  G. 


(c)  Remark.  The  two  steps  in  leveling  are  not  likely  to  be  forgotten  if 
the  student  will  form  a  mental  picture  sinular  to  Fig.  284  (a)  or  Fig.  299  (d). 
This  is  much  better  than  depending  upon  the  memory  to  retain  the  formu- 
las given  at  the  beginning  of  this  article.  Always  fall  back  on  the  origi- 
nal conception  of  leveling,  p.  235:  (1)  getting  the  distance  of  a  plane  of 
sight  above  some  point  of  known  elevation,  and  (2)  getting  the  distances 
of  points  of  unknown  elevation  below  that  plane. 

300.  Intermediate  Stations.     A  point  taken  for  the  sole 

purpose  of  ascertaining  its  elevation,  or  for  the  purpose  of 

establishing  it  at  a  given  elevation.     Thus,  in  Fig.  299  (d),  C, 

D,  and  E  are  intermediate  stations. 

Remark. — The  distinguishing  characteristic  of  an  intermediate  station  is 
that  only  one  sight  is  taken  on  it, — ^a  foresiglU, 

301.  Turning-point.  A  point  upon  which  a  backsight  is 
taken  in  order  to  establish  the  height  of  instrument.  Thus,  in 
Fig.  299  (d).  A,  B,  and  F  are  turning-points. 

(a)  Remark,  A  turning-point  is  the  only  point  upon  which  a  backsight 
is  taken,  and  this  is  its  distinguishing  characteristic.  It  probably  got  its 
name,  however,  from  the  fact  that  two  sights  are  taken  on  it,  a  foresight 
from  one  set-up  and  a  backsight  from  the  next  set-up;  it  thus  acts  as  a 
turning-point  without  which  no  relation  could  be  established  between  tha 
two  planea  of  sight  cojresponding  to  the  two  set-ups. 


Btliar  ■  regular  * 

(b)  The  fint  and 


^°i^^isx 


302.  Importance    of   Turnins-poinb — Compared    with 

Intermediate  Stations.  An  error  made  at  a  tunung-point 
ftffects  every  succeeding  elevation,  but  an  error  at  an  interme- 
ditkte  station  affects  the  elevation  of  only  that  Htatian. 

lUuitralion.     SuppoH  thatio  Art.  20g(c),  Fig.2m(d),  tbebackfiightBtS 
■   '      "  '  Ht«ad  ot  5.     The  new  height  of  instniment  would 

)n  the  cither  hand,  should  a,  Diietske  be  made  U  C. 
the  elevation  of  C  would  bei^oue  106-3  =  103.  or 
there  is  no  backsight  st  C  (i.e.,  no  height  of  inatru- 
I  C)  none  of  the  other  elavaiioaa  wouldbe  affected. 


Mcmie  lOl  +  e-lOT.  B 


is  aaoertaioed  fro: 


303.  Forms  of  Notes.  The  forms  for  level  notes  differ  Kome- 
what  for  different  kinds  of  work.  Standard  forms  are  given  in 
this  article.  Study  these  forma  in  connection  with  Fig,  299  (d). 
The  six  columns  correspond  to  the  six  columns  on  the  left-hand 
page  of  the  field-book,  the  nght-ltand  page  being  used  for  de- 
scriptions of  stations  and  for  other  notes. 


(Right-hand  page.) 

Fnre>.Lgh1. 

BU. 

B.S. 

HI. 

T.P. 

idt. 

u. 

A 

3.0 

into 

i(». 

b 

5.U 

lOffld 

lOI.O 

page.     AU  bench-niarlu  a>ul  im- 

IfM 

'■" 

t! 

W- 

c^. 

_M 

10B.O 

(a)  Comments  on  Form  A.  In  this  form  of  notes,  and  in  all 
other  forms  bb  well,  it  is  necessary  to  enter  the  foresights  and 
backsights  during  the  work  in  the  field.  The  heights  of  instru- 
ment and  the  elevations  of  different  stations  may  be  left  to  he 
ironed  out  in  the  office  unless  elevations  u%  ae«&e>i  W  'Co.'^ 
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field  for  checking  the  work  or  for  other  purposes.  Even  then 
it  is  necessary  many  times  to  work  up  only  the  notes  for  turn- 
ing-points. 

In  this  form  each  H.I.  occupies  a  hue  by  itself.  There  is  no 
great  advantage  in  this  except  that  in  looking  over  the  notes  it 
is  more  evident,  to  the  beginner  at  least,  which  H.I.  was  used 
in  calculating  any  giv^i  devation.  Thus  all  elevations  re- 
corded between  any  two  successive  values  of  H.I.  were  found 
from  the  upper  H.I.  if  the  notes  read  down  the  page;  from 
the  lower  H.I.  if  the  notes  read  up  the  page. 

Notice  also  that  the  foresights  on  turning-points  and  the 
foresights  on  intermediate  stations  are  kept  in  separate  col- 
umns. This  is  so  that  the  foresights  on  turning-points  may  be 
added  together  by  themselves  in  checking  the  notes  by  the 
method  of  Art.  304.  The  advantage  thus  gained  is  to  a  gri^t 
extent  offset  by  the  additional  precautions  necessary  to  avoid 
entering  the  foresights  in  the  wrong  column. 

Form  B  for  Level  Notes. 
(Left-hand  page.)  (Right-hand  page.) 


Sta. 

B.S. 

H.I. 

F.S. 

El. 

A 

3.0 

103.0 

100.0 

B 

5.0 

106.0 

2.0 

101.0 

C 

t « 

2.0 

104.0 

D 

t « 

3.0 

103.0 

E 

( ( 

1.0 

105.0 

F 

5.0 

104.0 

7.0 

99.0 

G 

<  t 

2.0 

102.0 

Descriptions  of  stations  go  on  this 
page.  All  bench-marks  and  im- 
portant stations  should  be  so 
carefully  described  that  they  can 
be  found  at  any  time  without 
difficulty. 


(6)  Comments  on  Form  B.  This  form  differs  from  form  A 
in  two  respects.  (1)  Each  H.I.  does  not  occupy  a  line  by  itself, 
but  is  put  on  the  line  with  the  B.S.  and  El.  from  which  it  was 
figured.  (2)  Foresights  are  all  in  one  column.  Turning-points 
may  be  easily  distinguished  in  the  notes,  as  they  have  num- 
bers in  the  backsight  column  while  intermediate  stations  do 
not.  (Art.  301  (a).)  Many  surveyors  prefer  to  skip  every  other 
line  in  entering  notes,  thus  affording  more  room  for  corrections 
and  for  the  descriptions  of  stations  on  the  right-hand  page. 

By  comparing  these  notes  with  the  arithmetical  work  on 

page  238,  Art.  299  (d),  the  method  of  working  out  the  different 

H.I .8  in  the  third  column  and  the  elevations  in  the  last  column 

wil2  become  clear.      Thus  each  B.S.  is  added  to  the  ehvation 

i^eoorded  on  the  same  horizontal  line  to  get  tY«B..l.  tiora  which 
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die  elevation*  ue  figured  for  all  auoeeeding  atatiotu  up  to  uid 
kicludJDg  the  next  turning-point. 

This  fonn  is  more  compact  than  the  preceding  foim  and  ia, 
petfai^M,  tbs  one  most  often  used.  For  profile  leveling  Fonn 
C  given  below  is  in  many  reapects  a  better  form. 

Form  C  ros  Livel  Notes,  Foru  D  fob  Level  Koteh. 


B.8 

T.P. 

H.i. 

F.3 

El. 

Sta. 

ao 

lOOXt 

A 

5.0 

J01.0 

2.0 

104.0 

c- 

3.0 

103.0 

•^ 

6.0 

90.1 

104.C 

7.0 

¥ 

2,0 

102.0 

G 

«.. 

aa 

F.8 

m. 

Vi. 

Oieok. 

A 

5.0 

-^ 

..0 

101.0 

C 

2.0 

+  3.0 

104.0 

B 

5.0 

-1,0 

la'i.o 

7.0 

H 

1.0 

101,0 

P 

6.0 

-e.a 

U9.0 

'' 

a.o 

+  3.0 

lOZU 

(d)  CommerUs  on  Form  C.  This  form  differs  from  the  preced- 
ing form  in  the  order  of  arrangement  of  the  columns,  and  in 
having  a  separate  column  for  elevations  of  tuming-pointa.  It 
ia  not  as  common  a  form  as  the  others,  but  in  many  reapecte  it 
is  more  convenient.  Its  chief  advantage  ia:  Quantities  that 
are  to  be  added  or  subtracted  are  adjacent.  Thus  correspond- 
ing quantities  in  the  first  two  columns  are  added  to  obtain  a 
corresponding  quantity  in  the  third  column,  and  from  quanti- 
ties in  the  third  column  are  subtracted  quantities  in  the  fourth 
column  to  obtain  quantities  in  the  fifth  column.  It  is  also 
convenient  to  have  stations  and  their  elevations  in  adjacent 
columns. 

(e)  Comments  on  Form  D.  This  form  is  entirely  different 
from  the  other  three  forms.  The  first  three  columns  are  filled 
out  in  the  field  in  the  usual  manner.  The  column  of  differences 
is  found  by  subtracting  each  F.S.  from  the  preceding  F.S.,  ex- 
cept in  the  case  of  the  first  F.S.  after  each  turning-point,  and 
this  is  subtracted  from  the  B.S.  on  that  point.  The  elevations 
in  the  fourth  column  are  found  by  adding  algebraicaUy  each 
difiereoce  to  the  preceding  elevation.  The  checks  in  the  last 
column  are  found  by  subtracting  from  the  B.S.  on  one  turning- 
point  the  F.S.  on  the  next  turning-point,  koA  aA6!vw(,X\i«  S&- 
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ference  algebraically  to  the  elevation  of  the  first  in  order  to 
check  the  elevation  of  the  second. 

This  form  is  not  much  used.  Its  chief  advantage  is  the 
check  afforded  for  the  elevation  of  each  intermediate  station. 
There  is  no  such  check  in  the  other  three  forms.  For  this 
reason  this  method  of  differences  is  especially  useful  in  working 
up  notes  for  profile  4eveUng,  since  the  computation  for  every 
point  on  the  profile  is  checked  once  and  turning-points  are 
checked  twice. 

Another  form  of  notes  is  shown  on  p.  256,  where  the  method  of 
keeping  level  notes  is  illustrated  by  several  examples  from  practice. 

304.  Rules  for  Checking  Level  Notes,  (a)  Add  all  back- 
sights together;  add  all  turning-point  foresights  together;  the 
difference  between  these  two  sums  should  equal  the  difference 
between  the  elevations  of  the  first  and  last  stations.  The  fore- 
sight on  the  last  station  should  be  included  in  the  sum  of  fore- 
sights although  there  is  no  corresponding  backsight.  The  last 
station  is  a  turning-point  in  the  sense  that  should  the  work  be 
continued  a  backsight  would  be  taken  on  it  (Art.  301(6),  p.  239). 
In  leveling  around  a  closed  figure,  moreover,  the  first  and  the 
last  station  coincide,  and  the  difference  between  the  two 
sums  would  equal  zero  were  it  possible  to  do  perfect  field  work. 

(b)  Notice  that  this  is  a  check  on  office  work  but  not  on  field 
work.  It  enables  one  to  detect  numerical  mistakes  made  in 
working  out  heights  of  instrument  and  elevations  of  turning- 
points,  but  it  does  not  disclose  mistakes  in  using  the  level,  read- 
ing the  rod,  or  entering  the  rod-readings.  Moreover,  it  is  not 
a  check  on  the  computed  elevations  of  intermediate  stations, 
because  no  backsights  are  taken  on  such  stations. 

(c)  lUustraiion.  In  foim  A,  sum  of  backsishta » 13 ;  sum  of  turning- 
point  foresights  (including  that  of  G)  =  ll;  thus,  13  —  11  =  102-100-2 
(check). 

(d)  Note.  Another  method  of  applying  the  same  rule:  (1)  Add  the 
siun  of  all  the  backsights  to  the  elevation  of  first  station.  (2)  Subtract 
from  this  result  the  sum  of  the  turning-point  foresights:  the  result  should 
be  the  elevation  of  the  last  station.  Thus,  (100  +  13)- 11  =  102  (check). 
See  also  the  level  notes  on  page  257  for  another  illustration. 

305.  Differential  Leveling.  Leveling  in  which  the  object 
is  simply  to  find  the  difference  in  elevation  between  two  or 
more  points  without  regard  to  distances  between  the  points. 

306.  Profile  Leveling.  Leveling  in  which  the  object  is  to  get 
the  elevations  at  known  distances  apart  and  thus  obtain  the  profile 
oi  the  surface  along  a  given  line.     A  profile  should  show  all  ele- 

vati'onsand  depressions  along  the  line  as  \i  seen.  iToixi2w«\da  view. 
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307.  Flying  Levels.  A  line  of  levels  to  determine  approx- 
mate  elevations,  run  with  more  rapidity  and  less  precision 
than  usual. 

JOS.  Cross-levels.  Levels  taken  to  show  heights  on  either 
side  of  the  main  line.  Used  in  railway  and  highway  work  to 
determine  cross-sections  at  right  angles  to  the  general  direction 
of  the  road-bed. 

309.  Reciprocal  Leveling  consists  in  finding  the  difference 
of  elevation  between  two  points  by  two  sets  of  observations  as 
follows:  (1)  Sights  are  taken  on  both  points  from  a  level  set  up 
near  one  of  them;  (2)  then  the  level  is  set  up  near  the  other 
point,  in  such  a  position  that  the  longer  and  shorter  sights  on 
the  two  points  are  about  equal  in  length  to  the  longer  and 
shorter  sights  respectively  of  the  first  set-up.  The  mean  of  the 
two  results  obtained  from  the  first  and  second  set-ups  should 
be  the  true  difference  of  elevation.  This  process  eliminates 
error  due  to  lack  of  adjustment  of  the  level,  and  in  precise  level- 
ing corrects  for  curvature  and  refraction. 

310.  Establishing  Points  at  Given  Elevations  is  the  re- 
verse of  the  process  explained  in  the  preceding  articles.  It  is 
in  leveling  what  ''staking-out  work"  is  in  transit  surveying 
and  in  a  great  deal  of  construction  work  the  two  must  be  com- 
bined. Setting  grade-stakes  and  fixing  heights  for  different 
parts  of  steel  and  masonry  structures  constitute  a  large  part  of 
the  leveler's  work.  For  a  detailed  explanation  of  such  work 
see  Chapter  XXIII. 

(a)  Grade.  The  degree  of  inclination  from  the  horizontal,  as, 
for  example,  a  lise  or  fall  of  one  foot  measured  vertically  for  each 
100  ft.  measured  horizontally  (a  one  per  cent  grade),  or  a  grade 
of  2  ft.  per  100  ft.  (2%  grade),  or  of  5  ft.  per  100  ft.  (5%  grade), 
or  no  rise  or  fall  (a  level  grade). 

(6)  Grade-rod.  A  calculated  rod-reading  found  by  subtract- 
ing the  required  elevation  of  a  point  from  the  height  of  instru- 
ment, i.e.,  it  is  the  distance  to  measure  down  from  the  line  of 
sight  to  establish  a  point  at  a  given  elevation. 

Illtistration.  In  Fig.  310  (6)  it  is  required 
to  drive  a  stake  at  each  of  the  points  A ,  B, 
and  C,  so  that  the  tops  of  the  stakes  will 
be  respectively  98  ft.,  102  ft.,  and  104  ft. 
above  some  given  datum.  The  height  of 
instrument,  fotmd  by  backsighting  on  some 
point  of  known  elevation,  is  108  ft.     The 

arade-rod  for  A  is  therefore  10  ft.,  for  5  ^        otr.  /tx 

6  ft.,  and  for  C  4  ft.  F'^-  ^^^  <-^>- 
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(a)  Ittttstration. 


31 1.  Trif^onometric  Leveling*  Leveling  by  means  of  ver- 
tical angles  and  horizontal  distances.  The  theoiy  is  based  on 
the  trigonometric  properties  of  a  right  triangle. 

First  Method 
In  Fig.  311  (a)  let  T  be  the  center  of  a 
transit  telescope.  After  measuring  the 
horizontal  distance  BT  and  the  vertical 
angle  BTA,  the  height  BA  is  found  by 
trigonometry,  BA  =  BTX  tan  BTA .  In 
like  manner  CD^-TDxtsaiCTD,  The 
distance  TE  from  the  center  of  the  sup- 
porting axis  to  the  ground  having  been 
measured,  the  relative  elevations  of  A, 
E,  and  C  are  determined.  Thus  the  ele- 
vations of  any  number  of  points  above  or  below  T  (or  E)  may 

be  found. 

Remark.     The  point  T  is  the  intersection  of  three  axes,  vit.,  (1)  throudb 
le  line  of  sight,  (2)  through  the  center  of  the  supporting  axis,  and  (3) 
through  the  plumb-bob  line.     This  method  is  the  same  as  that  of  Art.  277 


FiQ.  311  (a). 


(b)  If  the  elevations  of  points  are  required  with  reference  to  some  datum, 
first  find  the  elevation  of  T  (i.e.,  the  height  of  instrument)  by  backsishting 
on  some  point  of  known  elevation,  as,  for  example,  some  bench-mark. 

(c)  When  for  any  reason  the  horizontal  distance  from  7*  to  C  (i.e.,  TD) 
cannot  be  measured,  TD  may  be  foimd  by  triangulation,  treating  C  as  an 
inaccessible  point  (see  277  (c),  p.  222),  or  in  some  cases  it  may  be 
possible  to  measure  TC  and  then  proceed  as  explained  in  the  next  two 
illustrations. 

Second  Method 

A  second  method  often  used,  especially  in  stadia  work,  is 
one  in  which  the  hypothenuse  is  measured  instead  of  the  base. 

(d)  Illustration.  Let  T  in  Fig.  311  (d)  represent  the  center 
of  a  transit,  and  a  a  point  on  the 
ground  underneath  T.  Let  a'  repre- 
sent a  target  set  as  far  above  the 
bottom  of  the  rod  as  T  is  above  a. 
Ci.e.,  aV  =  aT).  Then  Ta'  X  sin  a'TD  = 
a'D  =  Ge,  or  the  elevation  of  G  above  a 

(e)  lUustraiion.  Let  B  represent 
some  point  of  known  elevation  not 
under  the  instrument,  as,  for  example, 
some  bench-mark.  With  the  tele- 
scope horizontal  set  the  target  at  c. 
Let  h  be  an  imaginary  point  under- 

neath  T,  of  the  same  elevation  as  B  (i.e.,  Tb  =  cB}.    Without 


Fig.  311  (d). 
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changing  the  target  hold  the  rod  at  G  and  let  V  represent  the 
target  for  this  position  of  the  rod.  Then  l/G^Th^eB  and 
TV  X  sin  h'TD  -  h'D  =  Gf,  or  the  elevation  of  G  above  B. 

(/)  Caution,  Since  all  the  methods  illustrated  are  in  common  use,  it 
is  very  necessary  in  keeping  field  notes  to  make  clear  what  point  is  taken 
as  a  reference-point,  T  the  center  of  the  supporting  axis,  a  a  point  on  the 
ground  under  the  instrument,  or  B  some  point  not  under  the  instrument; 
also  whether  the  base  or  the  hypothenuse  is  measured. 

312.  Leveling  with  the  Qradienter.  The  gradienter  is  a 
tangent-screw  attached  to  the  supporting  axis  of  the  telescope. 
By  means  of  a  micrometer-head  small  vertical  angles  may  be 
measured,  or  large  angles  may  be  read  with  the  vertical  arc 
supplemented  by  the  micrometer-screw.  As  a  rule  the  value 
of  the  screw-thread  is  such  that  one  complete  revolution  of  the 
screw  will  move  the  horizontal  hair  over  a  space  of  one  foot 
on  a  vertical  rod  at  a  distance  of  100  ft.,  so  that  angles  are 
measured  in  terms  of  the  tangent.  If  the  distance  to  a  rod  at 
any  point  is  known,  and  the  vertical  angle  is  found  by  the 
gradienter,  the  elevation  of  the  point  may  be  determined  by 
trigonometry,  as  already  explained.  The  distance  from  the 
transit  to  the  rod  may  be  found  also  with  the  gradienter  by 
turning  the  screw  through  one  complete  revolution.  If  it 
passes  over  one  foot  of  the  rod,  the  latter  is  100  feet  away,  1} 
ft.  150  ft.  away,  and  so  on  in  the  same  proportion.  This  method 
of  obtaining  distances  is  similar  to  the  stadia  method.  Thus, 
if  necessary,  the  entire  work  of  finding  the  elevation  of  a  point 
may  be  done  with  the  gradienter  alone,  without  using  a  tape. 
This  is  also  true  of  the  stadia. 

313.  Barometric  Leveling.  Since  the  barometer  is  an  in- 
strument for  measuring  atmospheric  pressure  and  since  this 
pressure  is  less  for  high  altitudes  than  for  low  altitudes,  differ- 
ences in  elevation  may  be  estimated  by  differences  in  barometer- 
readings.  Roughly  speaking,  the  average  reading  of  the  ba- 
rometer at  sea-level  is  30  inches  and  the  barometer  falls  abotU 
one  inch  for  every  900  ft.  of  ascent  above  the  sea-level. 

If  the  decrease  in  the  density  of  the  air  were  exactly  uniform 
and  if  the  pressure  at  a  given  elevation  were  always  the  same, 
barometric  leveling  would  give  very  satisfactory  results. 

(a)  Atmospheric  sources  of  error.  The  pressure  of  the  atmos- 
phere at  any  point  is  constantly  changing,  due  to  changes  in 
meteorologic  conditions,  lliis  change  may  amount  to  as  much 
as  two  inches  or  more.     In  other  vjorda  \)aa  ^'ekN^W.at^  q>\  "Coa 
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same  place  as  indicated  by  the  barometer  at  two  different  times 
may  change  as  much  as  1800  feet.  For  the  same  reason  barom- 
eter-readings taken  simultaneously  at  two  different  places  may 
be  exactly  the  same  and  yet  the  elevations  of  the  two  places 
be  quite  different.  The  error  from  this  source  may  be  largely 
eliminated  by  taking  barometer-readings  over  a  long  period  of 
time  at  different  seasons  of  the  year  and  hours  of  the  day,  and 
t'lus  obtain  a  mean  value,  but  this  method,  of  course,  cannot 
be  used  in  ordinary  surveying. 

(6)  Temperature  also  affects  barometer-readings  in  two  ways: 
(1)  it  affects  the  barometer  itself,  and  (2)  the  weight  of  the 
air,  for  the  warmer  the  air  the  lighter  it  is.  In  a  mercuriai 
barometer  the  height  of  the  column  of  mercury  is  affected  by 
the  temperature.  It  is  usually  claimed  that  aneroid  barom- 
eters are  compensated  for  temperature,  and  though  this  is  not 
strictly  true  it  is  customary  to  make  no  correction  for  the 
temperature  of  the  barometer  itself,  as  in  the  case  of  a  mercurial 
barometer.  In  using  either  barometer  the  greatest  uncertainty 
arises  from  the  method  of  determining  the  average  temperature 
of  the  air-column.  Thus,  in  finding  the  difference  in  altitude 
between  two  stations,  the  temperature  of  the  air  taken  at 
each  station  is  necessarily  the  temperature  of  a  stratum  of  air 
near  the  earth,  and  the  common  assumption  that  the  average 
temperature  of  the  air-column,  upon  which  the  difference  of 
pressure  between  the  two  stations  depends,  is  the  average  of 
the  observed  temperatures  at  these  stations,  is  an  erroneous 
one. 

(c)  Barometric  Jormulas.  Numerous  formulas,  differing 
chiefly  in  experimental  constants,  have  been  developed  for  es- 
tablishing a  relation  between  altitude  and  barometer-readings.* 
These  formulas  may  be  divided  into  two  classes:  (1)  statical 
and  (2)  dynamical.  Statical  formulas  assume  that  the  air  is 
in  statical  equilibrium  and  are  more  commonly  used.  Dynam- 
ical formulas  take  into  account  the  fact  that  the  air  is  more  or 
less  in  motion,  but  require  extended  observations  to  obtain  the 
required  data.  There  is  little  difference  in  accuracy  between 
the  two  classes  of  formulas. 

In  ordinary  work  those  terms  in  the  formulas  which  depend  upon  the 
temi>eratiire   of  the   barometer,   humidity,  latitude,   gradient,   ana   other 

*  For  a,  discussion  of  these  formulas  see  Baker's  Engineer's  Surveying 
InstrumeDts,  Chapter  XIL 
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siiU  smaller  Bouroes  of  error  m&y  be  ignored,  leavinc  only  the  niean  t«n- 
perstiire  of  the  air  to  be  taken  into  account.  Ferrwa  formula,*  which  is 
perhaps  one  of  the  best,  will  then  reduce  to 

log  ^«-log  (log  B'-log  5)+log  60521.5[1  +  .001017«'+<-64«)]; 

ffadi£Ference  in  altitude  between  the  two  points  whose  observations  are 
taken,  £'->  observed  height  of  the  barometer  at  the  lower  station  (in 
inches),  B  the  height  of  the  barometer  at  the  upper  station,  f  and  t  the 
temperatures  of  the  air  at  the  lower  and  upper  stations  respectively. 

If  the  mean  temperature  is  assumed  as  50®,  then  i'  +  <»=l(X)  or  ^  +  <— 
64^  —  36®.  If  the  mean  barometer  reading  at  the  sea-level  is  approxi- 
mately 30  inches,  the  above  equation  may  be  written 

H-60621.5(l  +  .001017X36)(log  ^-log^) 

-  62737  log  ^  -  62737  log  ^. 

30 

Tables  may  be  computed  from  the  equation  A -'62737  log-g  for  di£Fer- 

ent  values  of  B,  the  corresponding  values  of  A  being  the  altitudes  above 
a  datiun  corresponding  to  a  barometric  pressure  of  30"  (or  approximate 
sea-level),  when  t-^t'^  100°.  For  other  than  the  mean  temperature  of 
50°  a  correction  may  be  applied  as  follows: 

H^{Ai-A2)il  +  C\ 

where  ^^the  corrected  difference  in  altitudes  of  the  two  stations  ob- 
served, Ai  and  A2  the  altitudes  of  these  stations  as  taken  frcnn  Table  I, 
and  C  a  correction  for  various  values  of  t  +  t'  as  taken  from  Table  II. f 
For  the  method  of  using  the  aneroid  barometer  see  Art.  343,  p.  265. 

*  See  Appendix  10,  U.  S.  Coaat  and  Oeodetic  Survey  Report  for  1881. 
t  These  two  tables  are  given  in  the  back  of  the  book. 


CHAPTER  XXI 

LEVELING— FIELD  WORK 

The  theory  of  leveling,  explained  in  the  preceding  ch&pter,^  is  exceed- 
ingly simple,  but  no  branch  of  surveying  requires  greater  care  in  the  field 
work.  Accurate  results  can  be  obtained  only  by  observing  certain  pre- 
eautions  which  tend  to  eliminate  mistakes  and  errors.  These  precautioDS 
are  so  well  imderstood  that  the  methods  of  field  work  are  more  uniform  in 
leveling  than  in  almost  any  other  branch  of  sun'eying.  It  is,  therefore, 
somewhat  easier  to  give  definite  directions  and  su^estions,  but,  as  in  all 
field  work,  it  is  not  desirable  to  lay  down  hard-and-tast  rules,  nor  to  foilow 
bUndly  such  directions  as  are  given. 


314.  A  Level  Party  usually  consists  of  a  levelman  and  a 
rodman.  In  rough  country  a  third  man  is  sometimes  needed, 
to  act  as  axeman.  In  very  accurate  work  two  rodmen  may 
be  used  to  advantage,  and  as  many  as  five  men  may  be  needed 
in  the  party. 

315.  Equipment  for  a  Level  Party.  (Things  most  likely 
to  be  forgotten  are  put  first.) 

Rodman,  Tacks  or  brads,  crayon,  stakes,  hatchet,  tape,  note- 
book, and  leveling-rod. 

Levelman.  Necessary  notes  from  transit  party,  datum,  etc., 
note-book,  adjusting-pin,  level.* 

Both  men  should  provide  themselves  with  hard  pencils,  pencil- 
erasers,  and  scribbling-pads. 

316.  Signals.  When  the  levelman  wishes  the  rodman  to 
raise  the  target  he  holds  his  hand  above  the  shoulder.  The 
hand  held  below  the  shoulder  means  to  lower  the  target.  In 
either  case  the  nearer  the  target  approaches  to  the  line  of  sight 
the  nearer  the  hand  should  approach  the  level  of  the  shoulder. 
Dropping  the  hand  to  the  side  means  to  stop  mo\ing  the  tar- 

*  Accurate  work  in  leveling  may  be  done  with  a  transit  provided  it  has 
a  good  level  attached  to  the  telescope  and  is  kept  in  good  adjustment,  a 
fact  which  students  are  slow  to  realize.  Of  course  the  methods  of  work 
are  practically  the  same  as  for  the  level. 
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get.  A  gentle  motion  of  the  hand  up  or  down  from  the  shoulder 
means  to  move  the  target  slowly  in  the  direction  indicated. 
When  the  target  is  in  the  correct  position,  bring  the  hands  to- 
gether over  the  head,  which  means  **all  right."  Holding  the 
right  arm  straight  up  means  to  ''plumb  the  rod  to  the  right''; 
the  left  arm  means  "plumb  to  the  left." 

Remark.  Any  other  set  of  siipiaLs  may  be  affreed  upon,  but  they  nhoulrl 
be  clear  and  unmistakable  at  several  hundred  feet  away,  and  should  enable 
the  rodman  to  get  the  target  into  position  in  the  shortest  possible  time. 
It  is  essential  that  the  signals  to  move  the  target  up  or  down  should  indi' 
cate  to  the  rodman  about  how  much  the  target  ahoulcfbe  moved.  A  common 
fault  with  levelmen  is  that  of  holding  the  arm  horizont-al  and  moving  the 
fingers  in  such  a  way  that  the  rodman  cannot  tell  whether  the  target  is 
to  be  moved  up  or  down.     Avoid  all  ahotUing. 

317.  Some  Things  to   Know   Before  Beginning  Work. 

(1)  How  to  set  up  a  level  (p.  226).  (2)  How  to  use  the  telescope 
to  get  accurate  results  (p.  227).  (3)  How  to  read  the  rod  (p. 
227).  (4)  What  points  of  the  rod  are  danger-points,  i.e.,  points 
where  mistakes  in  reading  are  likely  to  occur  (p.  229).  (5)  How 
to  test  the  rod  for  a  high  rod-reading  (p.  232).  (6)  What  is 
meant  by  datum,  bench-mark,  station ,  and  plane  of  sight  (p.  234). 
(7)  What  the  two  essential  steps  in  leveling  are  (p.  235).  (8) 
What  is  meant  by  height  of  instrument,  backsight,  foresight,  and 
turning-point  (p.  236).  (9)  Why  it  is  important  to  take  read- 
ings with  greater  care  on  turning-points  than  on  intermediate 
points  (p.  239).  (10)  How  to  keep  notes  (p.  239),  and  how  to 
check  them  (p.  242). 

Remark.  As  soon  as  the  student  has  become  familiar  with  the  funda- 
mental principles  and  operations  in  leveling,  he  should  begin  a  study  of 
the  sources  of  errors  and  the  methods  of  eliminating  or  correcting  them. 
(See  the  next  chapter.")  This  is  the  quickest  and  surest  way  of  learning  to 
ao  accurate  and  reliable  work. 

318.  Two  Methods  of  Getting  the  Rod-reading.  (See 
also  p.  227.)  (1)  In  many  cases,  especially  at  intermediate 
stations,  the  levelman  can  read  the  rod  from  the  instrument, 
no  target  being  used.  (2)  For  turning-points,  or  for  any  sta- 
tion where  the  reading  is  required  to  the  hundredth  of  a  foot,  it 
is  usually  necessary  to  use  the  target.  After  a  target  is  clamped 
the  rod  should  be  held  a  second  time  to  make  sure  that  the 
target  did  not  slip  in  the  process  of  clamping. 

Remark.  It  is  a  great  saving  of  time  to  read  the  rod  directly  from  the 
instrument;  that  this  is  accurate  enough  in  the  majority  of  cases  is 
shown  on  p.  254. 

319.  The  Starting-point  or  First  Backsight.  If  only  the 
^evations  of  stations  with  respect  to  eacYi  oWiet  ^t^  ^^qjcm:^^ 
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establish  any  convenient  bench-mark  to  start  with,  and  assume 
its  elevation  as  100  or  1000  or  any  convenient  number  great 
enough  so  that  there  will  be  no  minus  elevation,  i.e.,  so  that 
the  lowest  station  will  have  an  elevation  above  zero.  This  is 
equivalent  to  assmning  a  datum  regardless  of  sea-level  or  of 
any  other  datum  previously  used. 

If  elevations  are  required  with  reference  to  some  fixed  datimi, 
it  is  necessary  before  starting  out  to  obtain  the  elevation  of 
some  near-by  bench-mark  previously  established  from  that 
datum,  and  then  to  use  that  bench-mark  as  a  starting-point.  Or, 
if  no  'bench-mark  of  known  elevation  is  at  hand,  one  may  be 
assumed,  and  the  levels  run;  afterward  the  true  height  of  the 
assumed  bench-mark  can  be  ascertained  by  running  levels  from 
some  bench-mark  of  known  elevation,  and  the  false  elevation 
previously  obtained  can  easily  be  reduced  to  correspond  to  the 
datum. 

Illustration.  In  a  city  survey,  no  city  bench-mark  being  convenientlbr 
near,  a  bench-mark  was  established  on  the  top  of  a  hitcfaing-post,  its  ele- 
vation being  assumed  as  100  ft.  Afterward,  by  running  levels  from  the 
nearest  city  bench-mark,  the  elevation  of  the  top  of  the  hitching-post  with 
respect  to  the  city  datum  was  foimd  to  be  54.6  ft.  The  elevations  already 
obtained,  using  100  as  the  assumed  elevation  of  the  post,  were  easily  cor- 
rected by  subtracting  from  each  elevation  45.4  ft.  (or  100—54.6).  (See 
also  Form  G,  p.  257.) 

320.  The  Field-work  Routine  in  differential  leveling  and 
in  profile  leveling  is  much  the  same.  The  chief  difference  is 
that  in  differential  leveling  all  points  are  turning-points,  while 
in  profile  leveUng  there  are  intermediate  stations. 

(a)  Differential  leveling.  The  levelman  sets  his  level  up  at 
any  convenient  point  where  he  can  sight  on  a  rod  held  at  the 
starting-point.  The  rodman  holds  his  rod,  moving  the  target 
up  or  down  according  to  the  signal  from  the  levelman,  and 
clamps  the  target  at  the  signal  ''all  right.''  He  then  holds  the 
rod  a  second  time,  and  if  the  levelman  again  signals  ''all  right " 
he  reads  the  rod,  and,  as  he  passes  the  level  on  his  way  to  the 
next  turning-point,  the  levelman  checks  the  reading.  Both 
men  enter  the  reading,  each  in  his  own  note-book.  A  turning- 
point  is  then  chosen  at  such  a  distance  from  the  level  that  the 
length  of  the  foresight  shall  be  about  equal  to  the  length  of 
the  backsight  just  taken.  The  target  is  set  as  before,  a  second 
sight  being  taken  after  clamping.  The  levelman  takes  up  the 
Jeve)  and  moves  on.  As  he  passes  the  rodman  on  the  way  to 
^e  next  set-up,  he  checks  the  foresight  rea^ii^,  Mid  each  enters 
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it  in  his  note-book.     This  completes  one  step;   from  there  on 
it  is  but  a  repetition  of  this  process. 

Remark.  It  is  not  always  customary  in  practice  for  both  men  to  keep 
the  notes  and  read  the  rod,  but  it  is  very  desirable  that  students  should 
adopt  this  precaution,  especially  when  they  are  new  to  the  work. 

(6)  Profile  leveling.  The  work  is  similar  to  differential  level- 
ing except  that  distances  between  stations,  if  not  already 
known,  must  be  measured,  and  a  number  of  foresights  from 
the  same  set-up  are  often  taken  on  intermediate  stations.  Make 
it  a  rule  after  backsighting  on  one  turning-point  to  foresight 
immediately  on  the  next  turning-point  before  the  instnunent 
has  a  chance  to  ''get  out";  afterward  the  foresights  on  the 
intermediate  stations  between  the  two  turning-points  may  be 
taken. 

321.  Lengths  of  Foresights  and  Backsights.  In  ordinary 
work,  for  the  best  results,  the  lengths  of  sights  should  not  exceed 
300  feet  nor  be  much  less  than  100  feet.  On  level  ground  the 
tendency  is  to  choose  turning-points  too  far  apart,  thus  mak- 
ing the  sights  too  long.  On  steep  slopes  the  tendency  is  the 
other  way,  but  too  short  sights  may  be  avoided  by  choosing  turn- 
ing-points so  that  they  ''zigzag."  (See  the  next  article.)  For 
each  set-wp  endeavor  to  make  the  bcu^kaight  on  one  turning-point 
and  the  foresight  on  the  next  turning-point  approximcUely  equal. 

322.  Where  to  Set  Up  a  Level.  Off  to  one  side  where  it 
is  not  easily  disturbed  or  jarred,  and  where,  if  possible,  solid 
footing  can  be  had  for  the  tripod.  Set  up  half-way  between 
turning-points.  In  going  up  or  down  hill  one  can  usually  take 
a  much  longer  sight  on  the  down-hill  side  than  on  the  up-hill 
side,  especially  if  a  high  rod  is  used,  but  resist  the  temptation 
to  do  this,  and  keep  the  sights  on  turning-points  nearly  equal. 
This  can  often  be  done  by  zigzagging,  i.e.,  working  so  that  a 
turning-point  on  the  up-hill  side,  while  not  much  higher  up 
the  hill  than  the  instnunent,  is  far  enough  to  one  side  to  make 
the  up-hill  sight  about  equal  to  the  down-hill  sight. 

On  steep  slopes  the  beginner  almost  invariably  tries  to  take 
too  long  sights.  Ooing  up-hill  he  finds  that  the  line  of  sight  is 
too  high  to  strike  the  down-hill  rod;  going  down-hill  he  finds 
the  hne  of  sight  too  low  to  strike  the  up-hill  rod.  Result,  loss 
of  time  in  setting  up  the  level  again. 

Nevertheless,  in  going  down-hill,  set  up  the  level  so  that  the 
line  of  sight  will  strike  near  the  bottom  ol  \)afe  to^,     K  ^jj«i^ 
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way  to  do  when  in  doubt  Is  to  set  one  leg  of  the  tripod  on  the 
ground,  and  taking  the  other  two  legs,  one  in  each  hand, 
quickly  bring  the  telescope  into  about  the  position  it  will 
occi^y  when  the  level  is  set  up;  and  then  sight  along  the  tele- 
scope to  see  where  the  line  of  sight  will  strike. 

323.  Choosing  Turning-points.  From  the  two  preceding 
articles  it  is  seen  that  the  location  of  turning-points  is  largely 
determined  either  by  the  lengUis  of  backsight  and  foresight  or 
by  the  position  of  the  level  itself.  In  choosing  the  object  upon 
which  to  rest  the  rod,  keep  in  mind  that  it  should  be  some- 
thing firm  and  solid,  easily  described  and  found,  definite  and 
unmistakable. 

(a)  Remark,  More  trouble  comes  from  ehoosing  unimitable  turning- 
points  than  from  aknost  any  other  cause.  For  example,  why  choose  for 
a  turning-point  a  small  stone  in  loose  soil  that  may  settle  half  an  inch 
while  the  rod  is  being  held  on  it,  and  then  read  the  rod  to  the  thousandth 
of  a  foot?  Moreover,  turning-points  should  be  found  easily,  so  that  if  a 
mistake  occurs  it  will  not  be  necessary  to  go  back  to  the  last  benchHOoark, 
but  to  the  last  turning-point.  Choose  some  definite  point,  so  that  the 
base  of  the  rod  will  rest  always  on  the  same  spot.  It  is  well  to  mark  the 
spot  with  chalk.  Sometimes  it  may  be  necessary  to  drive  a  stake  soHdly 
into  the  ground  and  to  use  the  top  of  it  for  a  turning-point. 

(6)  A  ateel  turning-point  may  be  bought  or  constructed.  One  form  con- 
sists of  a  steel  triangular  plate  about  one  quarter  of  an  inch  thick,  with 
its  comers  bent  down  at  right  angles.  The  rodman  forces  these  three 
sharp  points  into  the  ground  with  his  foot,  and  holds  the  rod  on  a  round 
rivet-head  that  is  in  the  center  of  the  plate.  The  objection  to  using  such 
a  point  is  that  it  has  to  be  moved  at  each  new  set-up,  and  thus  the  preced- 
ing turning-points  are  all  destroyed. 

324.  Holding  tlie  Leveling-rod.  It  is  not  easy  to  hold 
a  leveling-rod  plumb  and  still  at  the  same  time,  especially  if  the 
wind  is  blowing.  If  one  stands  squarely  behind  the  rod  and 
holds  it  with  both  hands,  he  is  in  the  best  position  to  hold  it 
still.  Some  surveyors,  however,  prefer  to  have  a  rodman  stand 
facing  the  side  of  the  rod,  since  from  this  position  he  can  see 
better  whether  or  not  the  rod  leans  toward  or  away  from  the 
instrument,  while  the  levelman  can  tell  by  means  of  the  ver- 
tical cross-hair  when  it  is  out  of  plumb  in  the  other  direction. 
The  vertical  edge  of  a  building  or  some  other  vertical  line 
may  often  be  used  by  the  rodman  as  a  guide.  In  addition  wave 
the  rod  as  directed  on  p.  270;  failure  to  observe  this  precaution 
may  result  in  an  error  as  great  as  0.1  ft.  for  a  single  sight, 

325.  Moving  the  Target.  The  signals  from  the  levelman 
should  indicate  whether  the  target  is  to  be  moved  much  or 
little.  When  it  is  nearly  correct  the  rodman  will  save  time  by 
moving  it  slowly  but  «t.eadily, — not  jumping  first  too  high  and 

tliea  too  low. 
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326.  Establishing  Bench-marks,  (a)  PermanenL  If  a 
bench-mark  is  to  be  pennanent,  as,  for  example,  a  city  beneh* 
iii;£urk,  it  should  be  established  with  great  care,  and  referenced 
to  several  surrounding  points.  A  careful  description  should  be 
recorded,  together  with  its  elevation  as  obtained  by  several  sets 
of  levels  run  from  other  bench-maiks.  Such  bench-marks 
should  be  established  wh^e  they  are  not  hkely  to  be  disturbed. 
If  a  stone  monument  is  used,  it  should  be  set  well  below  the 
frost-line.  Some  cities  publish  a  list  of  bench-marks  arranged 
according  to  streets.* 

lUuatration.  City  BeoGfa-maric,  Grove  St.,  near  College  St.,  New  Haven, 
Conn.  The  highest  point  of  the  middle  post  of  the  three  stone  hitching- 
posts  on  the  north  side  of  Grove  St.,  in  front  of  Sheffield  Hall.  Elevation 
13'43J006. 

(6)  Temporary.  If  a  bench-mark  is  to  be  used  temporarily, 
as,  for  example,  during  the  progress  of  a  survey,  definite,  sohd, 
and  comparatively  permanent  objects,  easily  described  and 
found,  may  be  used.  A  tack  in  a  blaze  on  the  root  of  a  tree  is 
a  GomBoon  example,  the  letters  B.M.  and  the  elevation  being 
marked  with  crayon  in  a  blaze  on  the  trunk  of  the  tree  directly 
over  it. 

Other  examjUsB,  Comer  of  a  stone  over  a  catch-basin,  tops 
of  stone  hitdiing-poets,  gate-posts,  door-steps,  highest  point  of 
a  solid  rock,  or  definite  points  on  solid  masonry. 

(e)  Where  to  establish  bench-marks.  Near  the  beginning  and 
end  of  a  line  of  lev^;  wherever  in  running  levels  work  is 
temporarily  stopped,  as  at  noon-time  or  at  night;  at  intervals 
of  several  hundred  feet;  wherever  a  branch  line  of  levels  is 
likely  to  be  started;-  at  the  bottom  and  top  of  any  high  hill 
passed  over;  at  the  crossing  of  a  railway  or  highway;  on 
each  bank  of  a  stream  crossed;  in  a  city,  near  the  street 
comers. 

Special  kinds  of  work  call  for  special  bench-marks.  Thus  in 
making  a  survey  for  a  building  they  may  be  required  at  the 
nearest  sewer-manhole,  on  the  curb  in  front  of  the  building 
site,  and  on  the  water-tables  of  adjacent  buildings. 

327.  Sights  oa  Intermediate  Stations  may  be  taken 
usually  to  the  nearest  tenth  of  a  foot;  and  without  using  a  tar- 


Stations  of  the  U.  S.  Coast  and  Geodetic  Survey  and  bench-m&Tk&  «^%t<&.Vk- 
lished  by  the  different  railroads  are  often  oi  s^^eat  v^Aixe  a.^  ^t«»T\iva\L-'&«v»XA 
or  as  pomta  upon  wiu'eh  to  close  for  a  check. 
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get.  In  this  matter  one  is  governed  by  tne  requirements  of 
the  work.  It  is  foolish,  for  example,  to  hold  a  rod  on  rough, 
uneven,  or  soft  ground,  where  a  slight  movement  one  way  or 
the  other  may  raise  or  lower  the  rod  a  tenth  of  a  foot,  smd  then 
read  to  thousandths  or  even  hundredths  of  a  foot.  On  the 
other  hand,  in  some  cases,  as  in  giving  a  grade  for  a  curb,  in- 
termediate stakes  must  be  set  with  greater  accuracy. 

328.  Numbering  Stations.  Stations  are  usually  niunbered 
in  order  from  the  beginning  of  the  work.  In  differential  level- 
ing, every  station  being  a  turning-point,  there  can  be  no  break 
in  the  numbers.  In  profile  leveling  a  tuming-jx)int  is  not  niun- 
bered as  a  rule  unless  it  happens  to  be  a  regular  station  on  the 
profile  line,  but  instead  it  is  marked  simply  T.P.  in  the  note- 
book, with,  perhaps,  a  description  of  it  on  the  opposite  page. 

In  profile  leveling  it  is  often  customary,  especially  in  railway 
work,  to  let  the  number  of  a  station  indicate  its  distance  from 
the  starting-point.  Thus:  0+50, 1, 1  +  50,  2+ 75,  and  140+67.8 
mean  50,  100,  150,  275,  and  14067.8  feet  respectively  from  0+0 
(the  first  station). 

329.  Checking  Levels.  On  page  242  is  given  a  method  for 
checking  notes,  but  the  only  method  of  checking  the  field 
work  is  by  rerunning  the  levels.  It  is  often  customary,  near 
the  close  of  a  day's  work,  to  run  a  set  of  flying  levels  back  over 
the  line  to  the  starting-point,  checking  on  a  few  of  the  most 
important  bench-marks,  and  finally  on  the  one  at  the  starting- 
point.  In  class  work,  where  there  are  several  parties,  they 
should  check  on  common  bench-marks  established  by  the  in- 
structor at  intervals  of  several  hundred  feet. 

Rerunning  a  line  in  the  opposite  direction  will  usually  result 
in  a  greater  discrepancy  than  if  it  is  renm  in  the  same  direc- 
tion, but  the  mean  result  is  more  nearly  correct  because  certain 
cumulative  errors  are  eliminated. 

330.  How  Close  to  Check.  In  practice  the  limit  of  error 
is  determined  by  the  requirements  of  the  work.  Results  are 
affected  by  the  instruments  used,  by  the  nature  of  the  ground 
covered,  by  the  time  in  which  the  work  must  be  done,  by  the 
personal  equations  of  the  rodman  and  the  levelman,  and  by  the 
atmospheric  condition. 

The  error  depends  to  a  large  extent  on  the  number  of  "set- 

ups^ ''  and  the  distance  covered.     In  class  work  a  party,  at  first, 

ought  to  run  hsdf  a  mile  and  back  witVi  a  ^?iet«aRfe  ol  less 
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than  0.10  ft.  between  the  assumed  elevation  of  the  starting- 
point  and  its  elevation  as  found  upon  returning  to  it.  This  is 
assuming  eight  or  ten  set-ups  each  way.  A  difference  of  0.03 
ft.  would  indicate  excellent  work  for  the  twenty  set-ups,  ten 
each  way,  but  with  good  instruments  and  under  favorable  con- 
ditions students  should  soon  be  able  to  come  within  this  limit 
using  ordinary  precautions.  This  does  not  mean  that  the  abso- 
lute error  is  only  0.03  ft.,  for  some  of  the  errors  are  compensat- 
ing, while  the  cumulative  errors  are  to  a  large  extent  eliminated 
by  running  in  opposite  directions. 

As  a  rough  check  it  may  be  assumed  that  under  ordinary 
conditions  the  total  error  E  should  not  exceed  0.02\/8,  where 
8  is  the  total  number  of  set-ups.  If  the  number  of  set-ups  is 
not  known,  it  may  be  obtained  by  dividing  the  total  distance 
by  ttvice  the  average  length  of  sight. 

The  customary  limits  of  error  are  treated  more  in  detail  in  the 
next  chapter. 

331.  Errors  in  Leveling.  In  no  branch  of  surveying  is  a 
knowledge  of  the  sources  of  errors  and  of  the  methods  of  elim- 
inating errors  more  important  than  in  leveling.  This  subject 
is  treated  in  the  next  chapter. 

332.  Speed.  Rapid  leveling  consists  in  not  wasting  time. 
Time  may  be  wasted  in  setting  up  in  the  wrong  place,  in  set- 
ting up  too  high  or  too  low  to  strike  the  rod,  in  slow  manipula- 
tion of  the  level,  in  getting  the  target  into  position,  in  reading 
the  target,  and  in  waiting  for  a  rodman  to  slowly  saunter  from 
station  to  station.  The  rodman  should  guess  about  where  to 
move  the  target  or  the  rod,  and  should  have  it  there  by  the 
time  the  levelman  is  ready  to  sight.  He  should  watch  signals 
closely,  and  these  signals  should  show  whether  the  target  must 
be  moved  much  or  little.  Avoid  moving  the  target  in  jumps 
first  too  high,  then  too  low.  Often  a  levelman  can  call  out  the 
approximate  reading,  thus  helping  the  rodman  to  set  the  target 
quickly. 

Remark,  At  first,  speed  is  not  so  important  as  accuracy.  The  student 
should  not  forget,  however,  that  in  practice  the  two  should  be  combined. 
So  much  depends  on  the  requirements  of  the  work,  on  the  natiu-e  of  the 
ground  covered,  and  on  the  instruments  used,  that  it  is  difficult  to  give 
an  idea  of  what  the  speed  should  be.  It  may  be  said  in  a  general  way 
that  in  class  work  a  level  party  working  imder  favorable  conditions  should 
soon  be  able  to  set  up  and  take  the  backsight  and  foresight  in  ten  minutes, 
or,  on  an  average,  at  the  rate  of  six  stations  an  hour.  If  the  average  length 
of  sight  is  200  ft.,  i.e.,  400  ft.  between  tuming-pointa^  this  meanas^-vai^Vksi^SL 
a  mue  an  hour. 
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333,  Field  Notes.  Different  fonns  of  field  notes  have 
already  been  discussed  and  compared  in  Art.  303,  p.  239. 
Forms  E  and  F,  shown  on  pp.  256,  257,  correspond  to  forms 
A  and  C  on  pp.  239, 241.  Form  G  shows  the  notes  for  three  inde- 
pendent runnings  of  a  line  to  establish  a  series  of  benches  for 
a  sewer.  The  notes  for  a  single  running  are  kept  almost  en- 
tirely in  one  column,  the  difference  between  the  B.S.  and  F.S. 
at  each  station  being  noted  in  an  adjacent  column.  The  form 
is  self -explaining;  it  affords  an  excellent  comparison  of  the 
three  results  obtained  for  each  B.M.,  since  these  results  are 
side  by  side  on  the  same  horizontal  line,  and  it  suggests  how 
special  forms  of  notes  may  be  devised  to  suit  special  kinds  of 
work.  It  will  be  noticed  that  the  final  elevations  used  are  0.01 
ft.  less  than  the  mean  values  obtained.  This  comes  from  cor- 
recting the  elevation  of  the  first  B.M.  to  accord  with  elevations 
previously  used  on  p.  69  of  the  field-book  as  indicated  by  a 
note  on  the  right-hand  page. 

Remark. — Follow  the  general  directions  for  keeping  notes  given  in 
Chapter  III. 

334.  Setting  Grade-stakes.  This  consists  in  setting  stakes 
which  shall  indicate  how  much  cut  or  fill  is  required  to  bring 
the  surface  of  the  ground  to  a  given  elevation  or  grade.  Grade- 
stakes  are  also  set  for  curbs,  pavements,  sewers,  foundations, 
etc.  (See  Chapter  XXIII.)  The  height  of  the  instrument 
having  been  established,  and  the  required  elevation  of  any 
point  being  known,  the  grade-rod  for  that  point  can  be  calcu- 
lated. (See  p.  243.)  This  is  simply  reversing  the  usual  oj)er- 
ations  of  leveling.  There  are  several  ways  in  which  stakes  may 
be  set.  (1)  Each  stake  may  be  driven  so  that  its  top  is  **at  grade.'* 
This  is  the  ideal  method,  but  in  many  cases  it  cannot  be  used, 
since  the  top  of  a  stake  would  come  either  below  the  surface 
of  the  ground  or  too  far  above  it.  (2)  Each  stake  may  be  driven 
so  that  its  top  is  one  foot,  two  feet,  or  any  whole  number  of  feet 
above  or  below  grade.  This  is  a  method  often  used.  (3)  Each 
stake  may  be  driven  approximately  to  grade,  and  then  a  horizontal 
line  may  be  drawn  across  one  side  or  the  top  of  the  stake  may  be 
sawed  off,  either  at  grade  or  some  whole  number  of  feet  above  or 
below  grade.  This  can  be  done  when  stakes  are  not  easily 
driven  to  the  desired  height.  (4)  Each  stake  may  be  driven 
without  regard  to  grade,  the  elevation  of  its  top  afterward  ascer^ 

^t'ned,  and  the  amount  of  cut  or  fill  from  the  top  marked  on  the 
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stake.  This  method  makes  it  necessary  for  the  contractor  to 
measure  to  decimals  of  a  foot,  and  hence  mistakes  are  more 
likely  to  occur.  (5)  A  stake  may  be  driven  and  marked  cut  or 
fiU  so  much,  with  the  understanding  that  the  cut  or  fill  must  be 
measured  from  the  existing  surface  of  the  ground.  This  method 
could  be  used  only  for  rough  grading.  Thus,  for  example,  in 
railway  work  the  preliminary  grading  can  be  done  from  such 
stakes,  but  the  road-bed  is  finished  and  the  rails  are  laid 
from  stakes  driven  with  tops  at  grade. 

(a)  General  method  of  procedure.  The  required  elevation  at 
each  point  where  a  stake  is  to  be  set  must  be  detennined.  It 
is  well  to  do  this  in  the  office  before  going  into  the  field.  These 
elevations  are  entered  in  the  level  notes  in  the  usual  way. 
After  the  instrument  is  set-up  and  the  height  of  instrument 
found,  the  grade-rod  should  be  figured  for  each  stake  that  is 
to  be  driven  from  that  particular  set-up.  If  method  (1)  is* 
used  set  the  target  at  the  grade-rod  for  any  stake,  and  drive 
the  stake  until,  when  the  rod  is  held  on  its  top,  the  center  of  the 
target  is  covered  by  the  horizontal  hair.  If  method  (2)  is  used 
proceed  in  the  same  way,  except  use  a  *' field"  grade-rod  which 
shall  bring  the  top  of  the  stake  a  convenient  distance  above 
ground,  and  a  whole  number  of  feet  above  or  below  grade. 

(b)  lUuatration.  The  required  elevation  of  a  point  is,  say,  120  ft.  The 
actual  elevation  of  the  ground  at  that  point,  given  in  the  note-book  or 
found  at  the  time  by  taking  a  foresight,  is  128.4  ft.  The  H.I.  has  been 
found  to  be  133.6  ft.  The  true  grade-rod  is,  therefore,  133.6-120  =  13.6 
ft.  As  the  surface  of  the  ground  is  128.4—120  =  8.4  ft.  above  grade,  the 
top  of  the  stake  should  be  about  9  ft.  above  grade  or  about  0.6  ft.  above 
the  ground.  Hence  the  field-rod  used  in  setting  the  stake  is  13.6-9.0=- 
4.6  ft.  The  stake  is  marked  **Cut  9.0  ft."  and  the  contractor  is  told  to 
measure  from  the  tops  of  stakes. 

A  similar  method  of  procedure  may  be  used  for  method  (3).  In  method 
(4)  the  cut  or  fill  marked  on  the  stake  is  simply  the  difference  between  the 
elevation  of  the  top  of  the  stake  and  the  grade  elevation  at  that  point; 
in  (5)  it  is  the  difference  between  the  elevation  of  the  ground  and  the 
grade  elevation. 

(c)  Practical  mggestions.  (1)  First  drive  a  stake  approximately,  being 
careful  to  stop  before  it  is  too  low.  Hold  the  rod  and  let  the  levelman 
indicate  how  much  more  it  should  be  driven.  (2)  Don't  spUt  hairs.  Keep 
in  mind  how  close  the  contractor  can  work,  and  drive  stakes  accordingly. 
It  is  folly,  for  example,  to  drive  stakes  to  the  nearest  hundredth  of  a  foot 
for  ordinary  grading,  the  nearest  tenth  will  often  do.  On  the  other  hand, 
stakes  for  curbs  and  pavements  should  be  set  with  greater  accuracy. 
(3)  Time  can  often  be  saved  by  not  using  a  target  at  all,  i.e.,  by  reading  the 
grade-rod  directly  from  the  instrument.  (4)  Sometimes,  as  in  the  case 
of  sewers,  some  other  device  than  stakes  must  be  used  for  giving  grade 
(see  Chapter  XXIII).  (5)  Stakes  should  be  close  enough  together  to 
enable  the  contractor  to  do  bis  work,  but  not  so  close  as  to  be  in  his  way. 
(6)  There  are  two  very  common  mistakes  which  occur  in  setting  grade- 
ptakes.  One  is  to  observe  the  wrong  horizontal  cross-hair  (i.e.,  a  stadia- 
wire),  the  other  is  to  set  the  target  incorrectly  for  the  gratle-rod.  The 
only  absolute  check  is  to  test  the  stakes  by  settmi^  up  \)^e  '\tvs\,TV3swfewX  "va 
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a  different  position,  but  errors  may  often  be  detected  by  the  eye  alone. 
If  the  tops  of  three  or  more  stakes  should  be  on  the  same  fine,  and  any  one 
of  them  is  enough  above  or  below  this  line  to  affect  construction,  the 
error  wiU  be  apparent  to  the  eye  in  sighting  across  the  tops  of  the  stakes. 
Hence  form  the  habit  of  frequently  sighting  by  eye,  to  make  aure  that  atakea 
are  properly  set. 

(7)  The  Held  notes  are  kept  in  the  usual  form,  except  that  when  they 
have  been  worked  up,  additional  data  will  appear  in  the  notes,  such  as  a 
column  of  grade-rod  values,  grade  elevations,  height  of  groimd  above  grade, 
and  height  of  grade-mark  above  ground.  A  study  of  the  notes  for  giving 
a  grade  for  a  sewer  (Chapter  XXIII)  will  suggest  forms  for  similar  work 
in  setting  grade-stakes. 

(8)  The  transit  is  very  convenient  for  setting  grade-stakes  (Art.  336.) 

335.  Marking  Grade-stakes.  If  a  stake  is  at  grade  it  is 
customary  to  mark  it  "Grade,"  if  cut  or  fill  is  required  it  is 
marked  "Cut  —  ft."  or  "Fill  —  ft."  The  number  of  feet 
should  be  plain  and  unmistakable.  In  addition  the  number  of 
the  stake  is  often  marked  on  another  side,  as,  for  example, 
* '  20  -t-  50  "  or  "  A-23 .' '  Sometimes  when  the  cut  or  fill  is  measured 
from  a  line  drawn  across  the  stake,  an  arrow  drawn  downward 
for  cut  and  upward  for  fill  is  used  in  place  of  the  words  "cut" 
and  "fill."  Thus,  an  arrow  drawn  downward  from  the  h'ne 
and  marked  10  ft.  means  "measure  down  10  ft.  from  this  line 
to  get  a  point  on  grade."  Stakes  should  be  marked  with 
crayon  which  will  not  be  washed  out  by  rain.  Too  much  of 
the  surveyor's  crayon  on  the  market  will  not  stand  this  test. 

336.  Shooting  in  Grades.  This  consists  in  establishing  a 
line  of  sight  parallel  to  the  grade,  so  that  one  grade-rod  will 
answer  for  all  the  points.  It  is  most  easily  done  with  a  tran- 
sit, although  it  may  be  done  almost  as  easily  with  a  level.  The 
first  step  is  to  establish  two  fixed  i>oints  at  grade.  These  are 
usually  stakes,  one  at  each  end  of  the  line,  or  if  that  brings 
them  too  far  apart  for  accurate  sighting,  extra  stakes  are  set 
at  intervals  of,  say,  400  ft.  The  method  of  procedure  for 
shooting  in  a  grade  between  any  two  stakes  is  described  on 
p.  281.   (See  also  Leveling  with  the  Gradienter,  p.  245.) 

337.  Summary — Directions  and  Suggestions  for  Spirit- 
leveling. 

(a)  Suggestions  for  the  Levelman. 

1.  Choose  a  good  place  for  setting  up  the  level,  away  from 
passing  wagons  or  cars,  where  there  is  a  firm  footing,  and  where 
sights  on  turning-points  will  be  equal.  If  turning-points  are 
established,  set  up  half-way  between  them.  Avoid  sights  of 
less  than  100  ft.  or  more  than  300  ft. 
2.  On  steep  slopes  resist  the  temptation  to  take  unequal 
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sights,  and  estimate  how  far  to  set  the  level  up  or  down  hill 
from  the  backsight  and  still  have  the  line  of  sight  strike  the  rod. 

3.  Be  sure  the  level  is  set  up  correctly  before  sighting.  All 
four  thumb-screws  should  bear  firmly,  and  the  bubble  should 
be  given  time  to  settle,  especially  if  it  is  at  all  sluggish.  If 
between  sights  the  bubble  "gets  out"  slightly,  bring  it  back 
before  the  next  sight.  Watching  the  bubble  closely  should 
become  instinctive  with  a  levelman. 

4.  It  is  not  necessary  to  clamp  the  spindle.  Usually  it  is 
better  not  to  do  so. 

5.  Keep  the  horizontal  cross-hair  truly  horizontal. 

6.  If  the  sun  shines  into  the  object-glass,  and  there  is  no 
regular  sunshade,  roll  up  a  piece  of  paper  and  tie  it  around  the 
front  end  of  the  telescope  instead  of  trying  to  shade  the  glass 
with  a  hat. 

7.  Avoid  unnecessary  walking  around  the  instrument,  and 
keep  the  hands  off  the  instrument  and  tripod  when  sighting. 

8.  Make  your  signals  to  the  rodman  definite,  and  when  the 
target  is  to  be  moved  indicate  whether  to  move  it  much  or 
little. 

9.  In  reading  the  rod  without  a  target  avoid  errors  of  even 
feet  or  tenths  of  a  foot. 

10.  Do  not  split  hairs  on  intermediate  stations  when  only 
approximate  elevations  (to  the  nearest  tenth)  are  wanted. 

11.  Keep  the  level  in  adjustment.     Test  every  day. 

12.  In  ordinary  work  effects  of  heat  and  wind  cannot  be 
avoided,  though  it  is  just  as  well  to  set  the  level  up  in  the  shade. 
In  precise  work  shade  the  level. 

13.  Protect  the  level  at  all  times.  Never  go  away  leaving 
it  standing  where  there  is  any  chance  of  its  being  knocked 
over. 

(6)  SiLggestions  for  the  Rodman. 

1.  Choose  suitable  turning-points,  avoiding  above  everything 
else  objects  that  settle  or  are  easily  moved.  There  should  be 
a  definite  point  for  the  rod  to  rest  on,  and  do  not  through  care- 
lessness hold  the  rod  on  any  other  part  of  the  object.  Mark 
turning-points  or  describe  them  so  that  they  may  be  easily 
found  again. 

2.  In  choosing  a  new  turning-point  go  as  far  from,  tha  Un^V 
as  the  level  is  from  the  preceding  turmrv^-po\xv\,\  *\l  ^^a.  \^  'Vi'^ 
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far  up  or  down  the  hill  for  the  line  of  sight  to  strike  the  rod 
go  off  to  one  side  (zigzagging). 

3.  Keep  the  rod  plumb,  especially  in  the  direction  toward 
and  away  from  the  level — the  levelman  can  tell  when  it  is  out 
of  plumb  in  the  other  direction.  The  vertical  edge  of  a  build- 
ing or  other  vertical  object  may  sometimes  be  used  as  a  guide 
to  the  eye.     Hold  the  rod  still. 

4.  Be  on  the  alert  and  move  the  target  much  or  little,  ac- 
cording to  the  signals.  When  the  target  is  nearly  right  do  not 
move  it  by  jumps,  first  too  high  and  then  too  low.  A  good 
rodman  should  have  the  target  nearly  in  position  before  the 
levelman  is  ready  to  sight. 

5.  After  clamping  the  target  hold  the  rod  for  a  second  sight, 
to  see  if  setting  the  clamp  has  disturbed  the  target. 

6.  A  rod  should  be  tested  before  using  it  for  high-rod  read- 
ing (p.  232).  In  using  the  high  rod  extra  care  is  necessary 
(1)  to  set  the  target  correctly,  (2)  to  read  the  back  of  the  rod 
in  the  right  direction. 

7.  Look  out  for  errors  of  an  even  foot  or  an  even  tenth  in 
reading  the  rod,  and  especially  the  error  of  omitting  the  zero 
when  there  are  no  tenths,  as,  for  example,  4.35  instead  of 
4.035. 

8.  Do  not  lean  the  rod  against  a  tree  or  any  other  object 
where  it  is  likely  to  be  knocked  do'wn  or  blown  over — it  is 
safer  to  lay  the  rod  on  the  ground.  Careless  handling  of  the 
rod  is  likely  to  result  in  bending  the  clamp-screw  to  the  target. 
Never  let  a  high  rod  down  '^  on  the  run,"  as  it  is  one  of  the  most 
common  ways  of  spoiling  a  rod — and  one  of  the  surest. 

9.  When  a  leveling-rod  is  not  at  hand  rough  work  can  be 
done  with  a  transit-pole.  When  the  differences  in  elevation  of 
only  two  or  three  points  are  required  rubber  bands  (one  for 
each  point)  may  be  used  as  targets  on  any  straight  stick,  the 
actual  differences  in  elevation  being  shown  by  the  final  positions 
of  the  bands.  The  bands  furnish  excellent  sights,  especiaUy 
if  paper  is  wrapped  about  the  stick  underneath  each  band. 

(c)  Suggestions  for  both  the  Levelman  and  the  Rodman, 

» 

1.  It  is  worth  while,  for  beginners  at  least,  to  check  each 

other's  rod-reading  and  for  each  to  keep  separate  field  notes. 

2,  Make  backsights  and  foresights  equal.    When  this  is  im- 
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possible,  as,  for  example,  in  crossing  a  wide  river,  use  the  recip- 
rocal method.     (See  p.  243.) 

3.  Take  sights  on  both  turning-points  before  taking  interme- 
diate stations.  Describe  the  local  bench-marks  carefully,  not 
forgetting  to  establish  bench-marks  at  regular  intervals  and 
wherever  they  may  be  of  use  later.  (See  p.  253.)  If  anything 
happens  to  throw  the  work  out  go  back  to  the  nearest  bench- 
mark known  to  be  correct  and  start  over  again.  Write  the 
word  "Abandoned"  across  the  portion  of  the  notes  that  are 
incorrect.  Look  out  for  mistakes  in  recording.  (See  p.  274.) 
If  even  a  single  numeral  of  a  reading  as  entered  in  the  notes  is 
incorrect  do  not  erase,  but  draw  a  line  through  the  whole  read- 
ing, and  enter  the  correct  reading  directly  above  it.  Follow 
the  other  directions  for  taking  notes  in  Chapter  III. 

Use  discretion  and  common  sense  in  carrying  out  directions 
and  suggestions.  Keep  the  general  requirements  of  the  work 
in  mind,  learn  what  portions  of  the  work  can  be  slighted  and 
what  cannot  be  slighted  and  still  meet  the  requirements.  Not 
all  portions  of  the  work  need  be  done  with  the  same  care,  as, 
for  example,  sights  on  intermediate  stations  may  be  taken  less 
accurately  than  those  on  turning-points.     (See  p.  253.) 

338.  Duties  of  Levelman.  To  run  the  level,  to  keep  it  in 
adjustment,  to  care  for  it  and  protect  it.  To  keep  a  general 
run  of  the  work,  seeing  that  no  stations  are  omitted,  that  turn- 
ing-points are  properly  chosen,  bench-marks  established,  and 
all  work  done  as  expeditiously  as  possible.  To  keep  notes  if  it 
is  desirable  (and  it  is,  at  least  in  class  work),  and  to  ''work  up" 
the  notes  with  the  rodman  each  day  after  the  field  work  is 
done. 

339.  Duties  of  the  Rodman.  To  hold  the  rod  plumb  and 
still,  and  exactly  on  the  point  where  it  should  be  held.  To  be 
alert  and  attentive  to  signals,  moving  the  target  to  position  in 
as  little  time  as  possible,  and  having  set  the  target  to  give  a  second 
sight.  To  read  the  rod,  enter  the  reading  in  the  note-book,  and 
show  the  rod  to  the  levelman  for  a  check-reading.  To  choose 
turning-points,  establish  bench-marks,  and  describe  them  in  the 
notes.  To  care  for  the  leveling-rod.  To  work  up  notes  with 
the  levelman  at  the  end  of  each  day's  work. 

340.  Instructions  for  very  Accurate  Leveling:,  based  on 
customary  methods  for  eliminating  constant  errors^  are  ^\.v^\s> 
in  the  next  chapter. 
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341.  Trigonometric  Leveling.  First  nu>vhod,  (See  also  p. 
244.)  (1)  Measure  the  horizontal  distance  from  the  transit  to 
the  point  where  the  elevation  is  required.  (2)  Sight  on  a  pole 
held  at  the  required  point  and  read  the  vertical  angle.  (3)  Mul- 
tiply the  horizontal  distance  by  the  tangent  of  the  vertical  angle. 
The  result  is  the  difference  in  elevation  between  the  supporting 
axis  of  the  telescope  and  the  point  sighted  at  on  the  pole. 

(a)  Practical  hinU.  The  difference  in  elevation  usually  required  is  that 
between  two  points  on  the  ground,  one  at  the  transit  and  one  at  the  sight- 
pole.  Henee  as  soon  as  the  transit  is  set  up  hold  the  pole  at  the  transit 
and  mark  on  it  the  height  of  the  supporting  axis  of  the  telescope  above  the 
ground.  (Wrap  paper  around  the  pole  and  use  a  rubber  band.)  Sight  on 
this  mark  when  measuring  vertical  angles.  A  level-rod  with  the  target  set 
at  the  height  of  the  supporting  axis  is  still  better. 

The  horizontal  distance  may  be  measured  (1)  with  the  tape,  (2)  with 
the  stadia,  or  (3)  by  triangulation,  as  in  the  case  of  an  inaccessible  height 
(see  p.  223). 

If  the  elevations  of  many  points  are  to  be  reduced  from  vertical  anises 
the  use  of  a  reduction  table  or  a  special  form  of  sUde-rule  will  save  much 
computation. 

(b)  Illustration.  A  transit  stands  at  Station  A.  A  sight-pole  is  held 
so  that  the  height  above  the  ground  of  the  supporting  axis  of  the  telescope 
may  be  marked  upon  it.  The  cross-hairs  are  then  brought  on  this  mark 
when  the  pole  is  held  at  a  second  point  B.  The  vertical  angle  as  read  at 
the  traftsit  is  5°  2X)'.  The  horizontal  distance  from  A  to  B  is  known  to 
be  421.6  ft.  Tangent  of  5*20'  is  0.09335.  Then  421.6X0. 09335 » 39.36 
ft.,  the  difference  in  elevation  of  the  ground  at  A  and  at  B. 

(c)  Th£  accuracy  of  the  method  may  be  judged  by  the  following  results: 
If  the  vernier  on  the  vertical  arc  reads  to  minutes  the  error  in  reading 
the  vertical  angle  should  not  exceed  l^  If,  in  the  above  illustration,  the 
heights  are  computed  for  three  readings,  5°  IQ',  5°  20',  and  5°  21'f  the 
three  results  are  respectively  39.234,  39.356,  and  39.483,  or  a  difference 
for  one  minute  of  0.12  for  421.6  ft.  If  the  vertical  an^^e  had  been,  say, 
20°  larger,  the  error  for  one  minute  would  still  be  approximately  the  same. 
Thus,  for  three  readings,  25°  19',  25°  20',  and  25°  21',  the  three  results 
would  be  respectively  199.438,  199.590,  and  199.741,  or  a  difference  of 
about  0.15  ft.  in  421.6  ft.  It  is  thus  seen  that  the  error  which  arises  from 
reading  the  vertical  arc  is  comparatively  small.  By  the  use  of  the  gra- 
dienter  this  error  can  be  made  much  less  (see  p.  245).  It  must  be  remem^ 
bered,  however,  that  there  are  other  sources  of  error.  The  level-bulb  on  the 
telescope  may  not  be  sensitive,  and  it  may  also  be  out  of  adjustment,  i.e.. 
the  line  of  sight  may  not  be  horizontal  when  the  reading  on  the  vertical 
arc  is  zero.  There  may  be  an  error  in  the  horizontal  distance.  ThtB,  if 
in  the  illui^tration  the  distance  had  been  called  420.6  instead  of  421.6,  the 
error  in  height  for  5°  20'  would  be  0.09  ft.,  and  for  25°  20'  it  would  have 
been  0.47  ft.  It  is  seen,  however,  that  the  method  is  sufficiently  accurate 
for  most  purposes,  and  can  be  used  a  great  many  times  in  place  of  a  level 
and  level-rod.  The  method  is  used  for  determining  the  height  crif  an  in- 
accessible point  (see  p.  223). 

{d)  Second  method.  In  topographic  surveying  the  second 
method  (p.  244)  is  more  often  used,  the  hypothenuse  of  the 
triangle  being  measured  in  place  of  the  base  by  means  of  the 
stadia. 

-  342.  The  Aneroid  Barometer.  (See  p.  245  for  the  theory.) 
The  aneroid  barometer  is  less  accurate  than  the  mercurial 
baitymeter,  but  it  is  far  more  portable  and  convenient,  and 

therefore  it  is  used  almost  exclusively  m  suryeyin^.    It  con* 


FIELD  WORK  265 

sutfi  of  a  metallic  box  from  which  the  air  has  been  exhausted. 
The  varying  pressure  of  the  atmosphere  acting  upon  a  thin 
corrugated  top  of  the  vacuum-chamber  moves  it  in  or  out,  and 
this  motion  is  transmitted  by  multiplying  levers,  chains,  and 
i^rings  to  a  pointer  moving  around  a  dial  which  is  grad^ 
uated  so  that  atmospheric  pressure  is  recorded  in  inches  to 
correspond  to  the  varying  heights  of  a  column  of  mercury.  In 
addition  the  altitudes  in  feet,  corresponding  to  various  pres- 
sures, are  usually  given  by  a  second  set  of  graduations — less 
accurate  than  the  first  because  dependent  upon  barometric 
formulas  for  reducing  pressure  to  altitude. 

In  addition  to  the  atmospheric  sources  of  error  discussed 
on  p.  245,  the  aneroid  barometer  is  subject  to  many  instru* 
mental  errors  such  as:  (1)  Varying  sensitiveness  or  lack  of 
sensitiveness  of  the  corrugated  top;  (2)  incorrect  graduations; 
(3)  failure  of  chains  and  levers  to  respond  quickly  to  movements 
of  the  corrugated  top.  The  instrument  is  not  intended  for 
accurate  work  and  is  used  chiefly  for  reconnoissance  or  explor- 
ation in  hilly  country,  and  for  rough  topographic  surveys  where 
it  is  desired  to  sketch  in  contours  quickly  without  great  regard 
for  accuracy. 

343.  Leveling  with  the  Barometer.  There  are  three 
methods:  (1)  Single  observations;  (2)  simultaneous  observa- 
tions;   (3)  extended  series  of  observations. 

The  method  of  single  observations  is  the  one  most  used  for 
ordinary  work.  The  barometer  is  carried  from  point  to  point 
and  a  single  reading  taken  at  each  station.  The  readings  thus 
obtained  involve  all  atmospheric  errors,  especially  those  due  to 
the  changes  in  the  atmosphere  which  take  place  during  the  in- 
terval betwe^i  observations. 

The  altitude  scale  should  not  be  used  except  for  very  rough 
work,  and  only  for  the  purpose  of  ascertaining  differences  of 
altitudes.  If  the  scale  is  adjustable  the  barometer  may  be 
tak^i  to  some  bench-mark  or  pK:)int  of  known  elevation  and  set 
at  the  altitude  of  that  point,  then  the  elevations  of  other  points 
may  be  read  directly  from  the  altitude  scale.  This  means, 
however,  that  temperature  and  other  sources  of  error  are 
ignored,  and  only  approximate  results  can  be  expected.  A 
better  method  is  o  use  the  scale  corresponding  to  inches  and 
correct  for  temperature  as  follows: 

(a)  Methmi  of  procediure.     (1)  Take  lYi©    Viaxoxu^Ve:-^^^'^^"^ 
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(in  inches)  at  the   first  station  or  bench-mark,  and  note  the 
temperature  of  the  atmosphere. 

(2)  Take  the  barometer-reading  and  note  the  temperature  at 
the  second  station. 

(3)  Find  from  Table  I  the  altitude  corresponding  to  each  of 
the  barometer-readings,  and  subtract  one  from  the  other,  the 
result  is  the  difference  in  altitude  of  the  two  stations  uncorrected 
for  temperature.^ 

(4)  Add  the  two  temperatures  and  from  Table  II  find  the 
correction  coefficient  C  for  that  sum. 

(5)  Multiply  the  difference  obtained  in  (3)  by  (1+C),  giving 
to  C  its  proper  algebraic  sign  (—if  t-\-f<100^  and  +  if  t+t^> 
100°).  The  result  is  the  approximate  difference  in  altitude  of 
the  two  stations. 

(b)  Suggestions:  (1)  Notice  that  the  erroneous  assumption  in  regard  to 
the  average  temperature  of  the  air-column  (p.  246)  is  involved,  as  are  all 
the  other  sources  of  error  mentioned  on  p.  245.  (2)  Readings  for  altitudes 
should  not  be  taken  just  before  or  after  or  during  a  storm.  (3)  The  shorter 
the  time  between  the  readings  at  two  different  stations  the  better.  (4)  At 
the  beginning  of  a  day's  work  compare  the  barometer-reading  at  some 
station  with  the  reading  at  the  same  station  on  the  day  before,  and  thus 
get  an  approximate  correction  for  the  atmospheric  changes  if  any  have 
taken  place.  It  is  well  to  do  this  at  intervals  during  the  day,  as  the  pres- 
sure at  a  given  point  may  change  very  much  in  a  short  time.  (5)  Hold 
the  barometer  in  the  same  position  when  reading  it,  always  vertical  or 
always  horizontal,  preferably  vertical.  (6)  The  barometer  is  apt  to 
"catch"  or  **hang" — tap  it  gently  with  the  finger  before  reading  it. 
(7)  The  barometer  "drags,"  sometunes  registering  at  one  moment  the 
elevation  where  it  was  twenty  minutes  before.  Hence,  in  ascending  a 
hill  consecutive  readings  are  likely  to  be  too  low — in  descending  too  high. 
This  dragging  is  a  most  conmion  source  of  error. 

(c)  Simultaneous  observations,  i.e.,  taking  simultaneous  read- 
ings at  different  places  with  barometers  which  have  been  pre- 
viously compared.  The  aim  of  this  method  is  to  eliminate  as 
far  as  possible  error  due  to  changes  in  atmospheric  conditions 
during  the  time  which  elapses  between  the  observations  at  the 
first  and  second  stations.  One  barometer  is  kept  at  the  base 
or  starting-point,  and  it  is  assumed  that  whatever  change  is 
indicated  by  this  barometer,  as  read  at  intervals  previously 
agreed  upon,  should  also  be  allowed  for  in  reading  the  other 
barometer  read  at  the  same  intervals.  This  assumption  may 
or  may  not  be  true,  but  the  method  is  the  most  satisfactory 
one  which  the  engineer  can  use  when  stations  are  widely  sepa- 
rated, since  he  can  seldom  carry  on  a  long  series  of  observations 
at  any  one  station  to  determine  the  mean  reading. 

{d)  Extended  series  of  observations  are  usually  taken  with  mer- 
curial barometers  and  cover  long  periods  of  time.    The  mean 
readings  thus  obtained  often  give  excellent  results,  but  of  course 
the  method  cannot  be  used  to  any  extent  in  surveying. 


*  Tables  I  and  II  are  in  the  bacV  oi  tbaVioY. 
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(e)  lAmits  of  error.  Errors  may  be  expected  in  barometric 
leveling  of  from  one  to  ten  per  cent,  though  many  instances  may 
be  cited  where  the  error  was  much  less  than  one  per  cent,  and 
sometimes  the  error  is  greater  than  ten  per  cent.  In  ordinary 
work  single  observations  taken  on  the  same  day  at  frequent 
intervals  will  vary  from  three  to  j&ve  per  cent  from  results  ob- 
tained by  spirit-leveling.  If  temperature  is  ignored,  that  alone 
may  introduce*,  an  error  of  from  one  to  ten  per  cent.  (See 
correction  in  Table  II  for  t+t' =  1SQP,)  By  comparing  barom- 
eters with  each  other  and  by  taking  other  similar  precautions 
the  errors  may  be  corrected  or  reduced.  In  the  ordinary  topo- 
graphic surveying  where  bench-marks  have  been  established, 
the  best  method  is  to  start  at  one  bench-mark  and  close  as 
frequently  as  possible  on  other  bench-marks;  thus,  by  com- 
paring with  the  elevations  obtained  by  spirit-leveling,  one  can 
get  the  general  run  of  errors  to  be  expected  in  the  use  of  the 
barometer  under  the  given  conditions. 


CHAPTER  XXII 
ERRORS  IN  LEVELING 

In  this  chapter  sources  of  errors  in  leveling  are  pointed  out,  the  rdUitive 
importance  of  errors  from  dififerent  sources  is  discussed,  and  methods  of 
correotion  or  elimination  are  given.  limits  of  error  are  suggested,  the 
precautions  which  are  necessary  in  accurate  leveling  are  outlined,  and  a 
method  of  procedure  embodying  these  precautions  is  givea.  The  general 
discussion  of  errors  in  Chapter  II  should  be  studied  before  beginning  this 
chapter.  

344.  Sources  of  Errors  in  Leveling.  (1)  Instrumental 
errors,  (o)  Errors  of  adjustments,  and  (6)  defects  in  the  con- 
struction of  non-adjustable  parts. 

(2)  Mistakes  in  manipulating  the  level  and  leveling-rod. 

(3)  Mistakes  in  reading  the  leveling-rod. 

(4)  Errors  in  sighting. 

(5)  Errors  due  to  changes  in  the  position  of  the  level  or  rod. 

(6)  Errors  due  to  natural  sources. 

(7)  Mistakes  in  recording  and  computing. 

(8)  Personal  errors. 

345.  Instrumental  Errors,  (a)  Errors  due  to  imperfect  ad- 
justment. Errors  are  compensating;  they  are  practically  ehmi- 
nated  if  the  lengths  of  the  foresight  and  the  backsight  are  made 
exactly  equal.  The  adjustments  of  the  level  (explained  in  Part 
III)  are  for  the  purpose  of  making  the  line  of  sight  generate  a 
horizontal  plane  of  sight  (p.  236)  when  the  level  is  properly  set  up. 
If  the  line  of  sight  is  not  parallel  to  the  bubble-axis  (the  prin- 
cipal error  of  adjustment),  it  will  generate  the  surface  of  a  cone 
the  axis  of  which  is  vertical,  and  hence  rods  held  equally  dis- 
tant from  the  instrument  will  be  intersected  at  the  sam^  level 
by  an  imaginary  base  of  the  cone,  and  the  error  due  to  the  fact 
that  the  Une  of  sight  does  not  move  in  a  plane  is  eliminated. 

(6)  Sluggish  bubble.  If  the  bubble  is  sluggish  in  its  move- 
ment, an  error  may  result  from  the  bubble  coming  to  rest  in 
the  wrong  position,  even  though  it  may  creep  back  to  the  cor- 
rect position  while  the  sight  is  being  taken.  The  error  is  com- 
pensating and  partially  avoided  by  observing  the  bubble  after 
the  target  is  set  to  see  if  it  is  still  in  the  center  of  its  tube,  but 
such  a  bubble  is  a  constant  source  of  annoyance  and  delay. 
^^)  Error  in  the  movement  of  the  object-glass  slide.  Error  is 
i^fnpensattng,  and  is  entirely  eUminated  by  making  the  back- 
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nf^t  and  foresight  equal,  since  in  that  case  the  focus  is  not 
changed  and  hence  the  slide  is  not  moved. 

(d)  Error  in  rod-graduation.  Not  likely  to  he  appreciable  in 
ordinary  work  if  the  rod  is  graduated  by  a  reputable  maker, 
but  every  new  rod  should  be  tested. 

(e)  Error  due  to  a  defective  joint.  An  extension-rod  with  an 
abutting  joint  should  be  thoroughly  tested  at  f];equent  intervals 
by  the  method  explained  on  page  232.  The  wear  and  tear  from 
letting  the  rod  down  "on  the  run'*  and  from  other  sources  may 
seriously  affect  this  joint  (see  Remark,  p.  232),  and  failure 
to  test  the  rod  may  result  in  a  large  cumulative  error. 

346.  Mistakes  in  Manipulation,     (a)  The  level.    Mistakes 

in  setting  up,  unnecessary  clamping  of  the  spindle,  errors  in 

centering  the  bubble,  failure  to  watch  the  bubble,  resting  the 

hands  on  the  tripod  or  telescope.     (See  "An  experiment,"  p. 

227.)    Precautions  should  be  taken  to  keep  the  bubble  in  the 

center  of  its  tube.     If  it  moves  out  slightly,  bring  it  back  with 

the   leveling-screws.    Sometimes   in   work   of  great   precision 

mirrors  are  used   (Art.  349  (6),  p.  272),  or  a  bubble-tender 

brings  the  bubble  to  position  with  a  slight  pressure  of  the 

fingers  (p.  279). 

(b)  Note.  The  levelnnan  should  know  the  error  caused  by  a  displace- 
ment of  the  bubble  judged  by  the  division-marks  on  the  glass  tube.  The 
value  of  a  sin^e  division  varies  greatly  for  different  instruments,  but  it 
may  be  ascertained  easily  for  a  given  tube.  (See  Part  III.)  The  value  is 
commonly  given  in  units  of  angular  measure,  and  in  18- in.  levels  it  is 
usually  from  20*  to  30*;  in  some  levels  it  is  10*  or  even  less  (p.  277), 
wnile  in  others  it  will  be  found  to  exceed  60''  or  1'.  Below  is  given  a  table 
which  shows  the  errors  in  feet  to  be  expected  with  instruments  of  different 
sensitiveness  and  for  sights  of  different  lengths.  "  D"  in  the  table  stands 
for  one  division  on  the  tube. 

Errors  in  Fbbt  Corbebpondinq  to  Diffrbent  Displacements  of  thb 

Bubble 


Sensitiveness 
of  Level 


Deviation     of 
Bubble.  . . . 


■2 


60 


100 


150 


200 


250 


D=-10" 


iD 

D 

ID 

.001 

.002 

.003 

.002 

.004 

.006 
.009 

.003 

.006 

.004 

.008 

.012 

.005 

.010 

.015 

300 


D=-30" 


)   .006 


.012 


,018 


iD 

D 

?D 

.003 

.006 

.009 

.006 

.012 

.018 

.009 

.018 

.027 

.012 

.024 

.036 

.015 

.030 

.045 

.018 


D  =  l' 


4D 


.006 


012 


018 


024 


.030 


D 


.012 


,024 


.036 


048 


.060 


ID 


.018 


.039 


.054 


.072 


.090 


.036\.(ib4\.Q^^\.^*i.\   .^5^ 
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(c)  The  leveling-rod  held  so  that  it  leans  towards  or  atoayfrom 
the  instrument  will  make  a  reading  too  large.  Error  is  com- 
pensating on  turning-points.  (Why?)  Avoided  by  swajring  the 
rod  slowly  backward  and  forward  after  the  target  is  set.  If 
the  target  center  does  not  move  above  the  line  of  sight,  and  coin- 
cides in  its  highest  position  with  the  horizontal  cross-hair,  the 
target  was  set  when  the  rod  was  vertical.  (Why?)  Otherwise 
it  must  be  reset.  (Satisfy  yourself,  by  trial,  of  the  importance 
of  holding  the  rod  plumb.) 

Question.  Why  is  the  error  not  compensating  when  leveling  entirely  up 
hill  or  down  hill? 

Remark.  For  any  reading  less  than  2  ft.  it  is  probably  more  accurate 
to  hitve  the  rodman  plumb  the  rod  rather  than  wave  it,  for  the  gittduated 
face  may  be  raised  when  the  rod  is  inclined  away  from  the  instrument, 
since  the  face  is  not  directly  over  the  point  of  support.  This  error  is  in- 
appreciable for  large  rod  readings.     (See  £ng.  News,  VoL  II,  p.  35,  1906.) 

A  better  way  to  make  sure  that  the  leveling-rod  is  held  plumb 
is  to  attach  a  plumb-line  or,  better  still  to  use  a  special  attach- 
ment devised  for  that  purpose.  Some  rods  are  furnished  with 
angle-targets  in  which  the  right-hand  half  of  the  target  is 
at  right  angles  to  the  left-hand  half;  the  horizontal  dividing- 
line  is  carried  over  these  two  surfaces  and  appears  as  a  con- 
tinuous and  unbroken  line  only  when  the  rod  is  vertical. 

(d)  Allowing  dirt  or  grit  to  accumulate  on  the  base  of  the  rod 
or  in  either  abutting  joint  is  another  source  of  error.  (On 
what  part  of  the  rod  would  readings  be  affected  by  dirt  in  the 
joint?) 

347.  Mistakes  in  Reading  tlie  Rod  are  illustrated  on  pages 
229  and  231.  The  common  mistake  of  dropping  a  zero  from 
the  reading  may  be  avoided  by  considering  as  "danger-points" 
the  first  tenth  of  each  foot,  and  on  rods  more  finely  graduated 
the  first  subdivision  of  each  tenth  of  a  foot  (j^  ft.).  Every 
rodman  is  likely  to  have  his  own  "danger-points"  which  he 
will  do  well  to  keep  in  mind  and  to  guard  against  by  extra 
care  when  a  reading  is  near  one  of  them. 

348.  Errors  in  Sighting. 

(a)  The  difficulty  of  telling  when  the  cross-hair  exactly  coincides 
with  the  center  of  the  target  leads  to  an  error  which  is  hard  to 
avoid;  it  is,  however,  compensating.  The  coarseness  of  the 
cross-hair,  the  form  of  the  target,  and  the  eyesight  of  the  level- 
man,  all  have  to  do  with  such  an  error.  It  may  help  the  level- 
laan  after  Jooking  steadily  at  a  target  until  he  thinks  it  is  in 
correct  position,  to  close  the  eye  momeiitanlY  and  then  look 
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again  before  giving  the  signal  to  clamp.  He  should  see  to  it 
also  that  the  horizontal  cross-hair  of  the  level  is  kept  truly  hori- 
zontal.    (See  adjustments  of  the  level.) 

Sights  should  be  neither  too  long  nor  too  short  (from  100  to 
300  ft.,  see  p.  251.) 

A  common  blunder  is  to  mistake  one  of  the  stadia  wires  for 
the  horizontal  hair. 

Ezperimeni.  The  following  experiment  was  tried  to  ascertain  the 
probable  error  of  setting  a  target  at  dififerent  distances.  A  level  was  set 
up  with  two  leveling-screws  in  the  line  of  sight.  An  instructor  held  an 
umbrella  over  the  instrument  and  kept  the  bubble  in  the  center  of  its  tube, 
wnile  eighteen  students  who  had  used  the  level  just  enough  to  become 
accustomed  to  its  use,  set  the  target,  each  in  turn,  at  three  different  dis- 
tances, the  instructor  reading  the  rod  for  all  settings.  The  probable  errors 
for  a  single  observation  were  as  follows: 


Conditions 

Instrument 

Length  of  sights 

1 

100 

200 

300 

Sun  shining, 
Level  in  the  shade. 
Ail  slightly  boiling  at 
200  and  300  ft.. 

Level  No.  1 
..       ..    3 

0.00196 
0.00147 

0.00130 

0.00196 
0.00229 

0.00157 

0.00370 
0.00327 

0.00213 

Levels  No.  1  and  No.  2  were  18"  wye-levels,  1|"  objective,  magnifying 
f>ower  about  35  diameters.  Level  No.  3  was  a  15"  wye-level,  li"  objec- 
tive, magAAifying  power  about  30  diameters.  The  resmts  for  levels  1  and 
2  were  obcained  by  one  g^oup  of  students;  the  results  for  level  3  were  ob- 
tained by  another  group  of  the  same  number  of  men  (18).  The  above 
results  indicate  that,  for  beginners  at  least,  under  favorable  conditions  the 
chances  are  even  that  the  error  of  sighting  and  of  setting  the  target  will 
not  exceed,  say,  0.002  ft.  for  a  100-ft.  sight,  0.0023  for  200  ft.,  and  0.0037 
for  300  ft. 

The  error  of. reading  a  rod  directly  without  the  use  of  a  target  is  not  as 
great  as  is  commonly  supposed.  From  a  large  number  of  readings  taken 
by  a  class  of  oyer  100  beginners,  using  '  "speaking"  rods  of  various  styles 
with  graduations  more  or  less  dim,  the  probable  errors  for  a  sin^e  obseiv 
VBtion  at  different  distances  were  found  to  be  (in  feet): 

Length  of  sight  50  100  150  200  250  300 

Probable  error  0.0024     0.0035     0.0038     0.0048     0.0062     0.0065 

Comparing  these  results  obtained  under  unfavorable  conditions  with  those 
above  obtained  under  favorable  conditions,  it  is  seen  that  target  readings 
are  but  slightly  more  accurate  than  direct  readings.  Under  certain  con- 
ditions they  have  been  found  to  be  less  accurate. 

349.  Errors  Due  to  Changes  in  Position  of  the  Level  or 
the  Rod. 

(a)  Settling  of  the  instrument  between  the  backsight  on  one 
turning-point  and  the  foresight  on  the  next.  Cumulative, 
tending  to  make  all  elevations  too  high  because  the  foresight 
is  shortened,  and  the  calculated  elevation  of  the  second  turn- 
ing-point will  therefore  be  too  high.  Avoided  by  setting  up 
the  instrument  solidly  on  firm  ground,  and  taking  the  foresight 
on  the  second  turning-point  immediately  after  backsighting  on 
thd  first.    For  this  reason  two  rods  and  twQ  rodpien  ex^  esycas*- 
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times  used  ^.  277).  Reraoning  in  the  opposite  dineotum  tends 
to  etimiaate  this  error  «lso.  On  waim  winter  dayB  wiMn  the 
ground  is  thawing  the  enor  due  to  settling  may  be  very  lai^e. 

(b)  71ft«  ievef  di^wrbed  itr  jwred  h^  passing  trains,  teaflas,  or 
by  the  levehnan  walking  around  it.  Error  most  hkeiy  to  oeear 
on  loose  soil,  or  on  a  smoo^  «urfaee  where  the  tripod-shoes  do 
not  catch.  On  some  instruments  mirrors  are  pilaoed  ao  that 
4^  levelman  can  watch  the  hubble  without  leaviog  his  posi- 
tion behind  the  instrument^  and  in  precise  leveling  he  can  ob- 
serve the  <^oss-haar  and  (he  bubble  at  the  siune  time.  As  a  pre- 
eautloA  in  oidjinary  work,  set  two  legs  of  the  tripod  in  a  line 
parallel  to  the  general  direction  of  the  stations,  and  see  that  aJi 
three  legs  are  reasonably  firm  before  leveling  up. 

(e)  Settling  of  a  tumiMg-point  between  the  foresight  and  the 
t)aelEsjight  oa  it.  Cumulative,  tending  to  make  elevations  too 
high  because  the  backsight  reading  will  be  increased,  thus  in- 
creasing the  calculated  height  of  instrument.  Ekialy  avoided 
by  choosing  proper  turning-points.  (See  p.  252.)  Rerunning 
in  the  opposite  direction  t^ids  to  eliminate  this  enxMr. 

^50.  Errors  Due  to  Natural  Sources. 

(a)  Changes  in  the  instrument  due  to  the  effect  of  sun  and  wind. 
Hie  film  shining  on  a  level  may  cause  its  parts  to  expand  un- 
equally. For  example,  in  running  towards  the  sun  the  front 
wye  will  expand,  making  the  foresight  too  h\^,  hence  Uie  ele- 
vation will  be  too  low.  On  backsighting  the  other  wye  will 
expand,  making  the  backsight  too  small,  hence  the  height  of 
instrument  too  low.  The  error  is  therefore  apt  to  be  eumuia- 
t^ye,  making  all  elevations  too  low.  Again,  if  the  sun  heats 
one  end  of  a  bubble-tube  more  than  the  other  the  bubble  will 
move  towards  the  heated  end.  (Try  breathing  on  one  end  of  a 
tube  which  is  level,  or  warm  one  end  by  holding  the  fingers  on 
it,  watching  the  bubble  to  see  if  it  is  drawn  over.)  Errors  due 
to  the  sun  may  be  avoided  by  shading  the  instrument  with  an 
umbrella,  or  working  on  a  cloudy  day.  Tlie  effect  of  wind  and 
Ideated  air-currents  is  to  make  the  target  seem  to  tremble  or 
dance,  and  often  renders  accurate  work  out  of  the  question. 
In  precise  leveling  a  tent  is  sometimes  used  to  shelter  the  level 
from  both  sun  and  wind.  Hie  least  wind  is  usually  at  day- 
break, a  time  when  the  atmosphere  is  also  in  (^e  best  condition 
for  long  sights. 
{'^^  Change  of  length  of  level-rod  from  variations  in  tempera* 
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tare.  tnappr«daUe  in  ordinary  woric,  but  In  more  precise 
leveling  it  ia  quite  possible  that  eirora  from  this  source  may 
exceed  the  errora  arising  from  the  leveling  itself.* 

(e)  Emm  from  curjxUure  and  refraetion.  (I)  Curvature.  Th« 
difference  between  a  horizontal  line  of  sight  and  a  level  line  ia 
about  8  in,  per  mile,  and  varies  aa  the  square  of  the  distance, 
i.e.,  the  curvature  of  a  level  surface  is  0.66725  ft.  multiplied  by 
the  square  of  the  distance  in  miles.  (See  foot  note  p.  2.)  The 
effect  of  curvature  is  to  irterease  the  rod-reading. 

(2)  BejToction.  The  effect  of  refraction  is  the  same  as  if  iha 
Kne  of  sight  were  curved  downward,  or  concave  towards  the 
earth's  surface,  and  hence  the  rod  reading  is  decreased.  Hie 
curve  is  irregular  because  of  varying  atmospheric  conditiona, 
but  for  average  conditions  it  is  assumed  to  have  a  diameter 
about  seven  times  that  of  the  earth.  The  oorrection  for  refrac* 
twa  is  r(Diatance  in  feet)'  H  ^ 

L^leaji  radius  of  earth  in  feet  J 
mean  value  of  the  coefficient  of  refraction. 

(3)  Combiaed  curvature  and  refraciion.  TTie  effect  of  retrac- 
tion is  to.  reduce  the  correction  tor  curvature.  The  following 
table  ^ves  approximate  values  for  the  correction  for  combined 
curvature  and  refraction. 

The  distance  D  and  the  correction  c  are  both  in  feet  except 
ia  the  last  column,  where  the  distance  is  given  in  miles. 

COBRBCnOM  FOB  COMBISEO  COBVATDBE  AND  REfHACTlON  f 
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An  empirioal  formula  giving  approximate  results  is:  Curva- 
ture and  refraction,  in  feet=0.574  (dialance  in  miles)*. 

The  error  due  to  curvature  and  refraction  may  be  eliminated 
by  making  the  backsight  and  foresight  equal  for  each  set-up. 


•  Wriffbt'*  Aii^Minent  bI  OliHruUiai 
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351.  Mistakes  in  Recording  and  Computing,  (a)  Ali» 
takes  in  recording  will  sometimes  vitiate  the  otherwise  careful 
field  work  of  a  whole  day.  Entering  the  reading  with  figures 
interchanged,  as  3.45  instead  of  3.54,  entering  backsights  and 
foresights  in  the  wrong  columns,  or  neglecting  to  enter  a  back- 
sight at  all,  are  some  of  the  mistakes  which  may  be  avoided, 
especially  in  class-work,  if  the  rodman  and  the  levelman  will 
each  keep  an  independent  set  of  notes. 

(6)  Errors  in  computing  can  usually  be  discovered  by  the 
check  given  on  p.  242. 

352.  Personal  Errors.  The  personal  equation.  Errors  which 
arise  from  causes  peculiar  to  the  individual  are  not  easily  avoided. 
They  may  not  amount  to  much  in  ordinary  work,  but  they  are 
taken  into  account  in  precise  leveling,  especially  in  comparing 
results.  A  man  may  habitually  read  the  rod  too  high  or  too 
low,  or  he  may  manipulate  the  level  in  some  peculiar  manner 
so  that  slight  errors  of  the  same  sign  (cumulative)  occur.  Run- 
ning levels  in  opposite  directions,  the  rodman  and  the  levelman 
changing  places  before  going  over  the  ground  a  second  time,  or, 
in  running  a  single  line  of  levels,  changing  places  at  every  other 
set-up,  helps  to  eliminate  errors  of  this  kind. 

353.  Elimination  of  Errors, — Recapitulation,  (a)  Mis- 
takes. Keep  in  mind  the  ''danger-points"  in  reading  the  rod 
(Art.  347,  p.  270).  Mistakes  in  reading  the  rod  and  in  record- 
ing the  readings  are  best  avoided  by  having  two  men  keep 
independent  notes,  reading  the  rod  independently,  and  com- 
paring notes  after  both  have  read  the  rod.  The  levelman  should 
avoid  mistaking  a  stadia-wire  for  the  middle  horizontal  cross- 
hair. 

(6)  Constant  errors.  By  making  backsight  and  foresight 
equal  for  each  set-up  several  constant  errors  are  eliminated, 
such,  for  example,  as  instrumental  errors  and  the  error  due  to 
curvature  and  refraction.  The  level,  however,  should  be  fre- 
quently tested  for  adjustment.  When  it  is  impossible  to  make 
backsight  and  foresight  equal  reciprocal  leveling  may  be  em- 
ployed (p.  243).  Rerunning  a  line  in  the  opposite  direction 
tends  to  eliminate  certain  other  constant  errors.  The  error  due 
to  the  settling  of  the  turning-point  or  to  holding  the  rod  on 
slightly  different  points  for  foresight  and  backsight  should  be 
avoided — it  is  usually  inexcusable;  in  many  cases  steel  turn- 
ing-points  are  used  to  eliminate  such  errors.    The  error  due  to 
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settlement  of  the  instrument  is  reduced  by  taking  the  foresight 
as  soon  as  possible  after  the  backsight,  and  in  precise  leveling 
two  rodmen  are  used  for  this  purpose.  The  error  due  to  the 
bubble  being  out  of  center  is  avoided  by  instinctively  glancing 
at  the  bubble  just  before  and  after  sighting,  by  the  use  ot 
mirrors  on  levels  of  precision,  and  sometimes  by  employing  a 
bubble-tender.  Errors  due  to  the  sun  shining  on  the  instru- 
ment are  avoided  by  shading  the  level  or  working  on  a  cloudy 
day.  The  error  due  to  the  boiling  of  the  atmosphere  is  avoided 
by  suspending  work  during  midday  hours.  Rod  errors  are 
avoided  by  testing  the  rod  graduations,  by  keeping  the  base 
of  the  rod  and  the  abutting  joints  free  from  dirt  and  grit,  by 
examining  the  setting  of  the  target  as  well  as  the  vernier  read- 
ing for  an  extended  rod,  and  when  the  rod  is  closed  by  exam- 
ining the  vernier  reading  to  see  that  it  reads  6.5  ft.  or  7.0  ft.. 
not  depending  upon  the  abutting  end  to  bring  it  back  to  place. 
These  last  errors  are  eliminated  altogether  by  using  a  "one- 
piece"  rod — ^many  surveyors  will  use  no  other  in  important 
work.  The  error  due  to  not  plumbing  the  rod  is  avoided  by 
waving  the  rod,  and  in  precise  work  by  using  an  attachment 
devised  for  that  purpose.  For  an  illustration  of  leveling  in 
which  many  of  the  foregoing  precautions  were  adopted  see 
page  277. 

(c)  Accidental  errors,  such  as  small  errors  in  sighting  and 
errors  resulting  from  small  disturbances  of  the  instrument,  can 
be  reduced  only  by  adjusting  independent  or  related  observa- 
tions. 

354.  Customary  Limits  of  Error.  Probably  in  no  branch 
of  surveying  does  the  law  of  accidental  errors  (that  the  total 
error  will  vary  as  the  square  root  of  the  number  of  observa- 
tions (Art.  71,  p.  45))  accord  more  closely  with  experience  than 
in  leveling.  This  is  because  constant  errors  are  more  easily 
eliminated  and  hence  accidental  errors  are  likely  to  predomi- 
nate, even  in  ordinary  work.  There  are  two  ways  in  which  the 
precision  of  leveling  may  be  judged.  (1)  By  comparing  the 
two  elevations  of  the  same  point  as  found  from  independent 
lines  of  leveling, — the  difference  is  not  an  error  but  a  discrep- 
ancy. (2)  By  the  difference  between  the  assumed  elevation  of 
some  starting-point  and  the  elevation  found  by  completing  a 
circuit,  i.e.,  returning  to  the  same  starting-point.  This  is  a 
tnie  error,  called  the  closing  error  oi  \eve\\ii%. 
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In  either  case  the  total  error  of  a  line  of  levels  may  be  ex- 
pected to  vary  about  as  the  square  root  of  the  number  of  set- 
ups. When,  however,  the  number  of  set-ups  per  mile  is  prac- 
tically constant  it  is  more  convenient  to  express  the  error  in 
terms  of  the  distance;   thus, 

Error  in  Feet  =  Constant  ^Distance  in  Miles,  or  E=^  C\/M, 
The  value  of  C  will  depend,  of  course,  upon  the  purpose  of 
the  work,  the  period  of  time  in  which  it  must  be  done,  the  ex- 
pense warranted,  and  other  local  conditions.  There  seems  to 
be,  however,  a  more  general  agreement  as  to  the  allowable  error 
in  leveling  than  there  is  in  regard  to  limits  of  error  for  chaining 
or  for  angular  measurements.  The  most  common  value  for  C 
is  0.05.  This  is  for  ordinary  work  where  reasonable  precau- 
tions have  been  taken  to  eliminate  constant  errors,  and  where 
speed  will  average,  say,  two  or  three  miles  per  day,  or  where 
a  single  instrument  duplicates  from  1  to  1  i  miles  per  day.  This 
is  the  coefficient  adopted  by  the  officers  of  the  U.  S.  Geological 
Survey  "after  careful  consideration  of  the  needs  of  the  work 
and  of  the  standards  set  by  other  organizations."     In  precise 

leveling  a  good  average  value  for  C  is  0.02,  and  0.02  ft.  \^  is 
practically  the  limit  adopted  by  the  U.  S.  Geodetic  and  Coast 
Survey  and  the  Mississippi  River  Commission.  Under  favor- 
able conditions  the  error  may  be  kept  within  this  limit  working 
with  a  good  wye-level,  but  it  will  be  necessary  to  adopt  a  method 
of  procedure  somewhat  similar  to  that  used  in  precise  levehng. 
(Seep.  277  for  an  illustration  of  the  precautions  taken  to  attain 

a  degree  of  precision  of  0.02\/M  or  better).  The  maximimi 
permissible  error  for  leveling  in  the  Chicago  Sanitary  District 

was  about  0.012  U.VM, 

Note.  In  an  example  of  raUway  location  the  discrepancies  between  ^e< 
vations  obtained  in  tbe  preliminary  location  and  those  obtained  in  the 
final  location  are  given  for  a  number  of  stations  at  varying  distances  apart 
throughout  about  70  miles  of  "66  feet  country."  *  The  average  difference 
between  the  divergence  at  one  point  and  that  at  another  is  stated  as  0.028 
per  100  stations.  This,  however,  is  misleading  as  the  total  discrepancy  at 
any  one  station,  found  from  the  values  given,  if  substituted  for  E  in  E== 

C^ M.  gives  in  some  cases  a  value  as  high  as  0.17  for  C  with  perhaps  an 
average  value  of  about  0.12. 

The  character  of  the  ground  affects  the  precision  of  leveling. 
For  example,  the  degree  of  precision  attained  in  precise  level- 
ing in  India  and  also  in  Switzerland  varied  from  about  0.013 

*Beabaii'8  Railivay  Locationt  p.  106. 
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ft.  for  nealy  level  ground  to  about  0.033  ft.  for  gradients  en- 
tirely between  1  in  20  and  1  in  10,  the  quantity  in  each  case 
being  the  average  discrepancy  per  mile  between  two  observers.* 
Beyond  a  certain  limit  a  small  increase  in  precision  requires 
a  large  increase  of  effort,  and  the  difference  in  precision  between 
ordinary  leveling  and  precise  levehng  is  not  at  all  in  propor- 
tion to  the  difference  in  the  skill  and  care  required. 

The  following  table,  computed  from  the  formula  E^^CVM, 

gives  the  permissible  error  in  feet  for  different  distances  in  miles 

for  different  coefficients  of  precision. 

Pericissiblb  Errors  in  Leveling  for  Different  Coefficients  and 

Different  Distances 


Miles. 

0.05 

0.04 

0.03 

0.02 

0.01 

0.5 

0.035 

0.028 

0.021 

0.014 

0.007 

1 

.050 

.040 

.030 

.020 

.010 

2 

.070 

.056 

.042 

.028 

.014 

3 

.086 

.069 

.052 

.035 

.017 

4 

.100 

.080 

.060 

.040 

.020 

5 

.112 

.089 

.067 

.045 

.022 

6 

.122 

.098 

.073 

.049 

.024 

7 

.132 

.106 

.079 

.053 

.026 

8 

.141 

.113 

.085 

.067 

.028 

9 

.160 

.120 

.090 

.060 

.030 

10 

.158 

.126 

.095 

.063 

.032 

15 

.194 

.155 

.116 

.077 

.039 

20 

.224 

.179 

.134 

.089 

.045 

Illustration  of  the  use  of  the  table.  What  fli.«'crepancpr  between  two  lines 
of  levels  is  permissible  at  the  end  of  four  miles  if  0.05  is  the  adopted  value 
of  C?  Answer  0.1  ft.  What  is  the  permissible  error  of  clonure  of  a  cir- 
cuit 6  miles  long  if  0.02  is  the  value  adopted  for  C?     Answer  0.049  ft. 

355.  Instructions  for  Accurate  Leveling.  The  following 
instructions  and  method  of  procedure  were  taken  from  the 
report  on  spirit-levehng  along  the  hne  of  the  Barge  and  Canal 
Survey,  by  the  state  engineer  and  surveyor  of  New  York.  A 
wye-level  was  used  of  164"  focal  length;  clear  objective  aper- 
ture of  li  in.;  magnifying  power  35  diameters;  value  of  one 
division  on  the  bubble-tube  7.04  seconds. 

The  instructions  embody  most  of  the  precautions  already 
given  for  eliminating  errors,  and  they  indicate  the  care  re- 
quired to  attain  a  degree  of  precision  of  0.02V  A/  or  better. 

Instructions  for  Leveling 

(1)  All  lines  forward  and  backward  shall  be  run  with  two  rodmen. 

(2)  Each  rodman  shall  keep  separate  notes  of  rod-readings  on  all  tum- 
ing-poiirts  and  bench-marks  he  holds  on,  and  compute  the  elevations  of 

♦  See  Baker's  Surveying  Instruments^  p.  283. 
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the  same  when  furnished  with  the  height  of  instrument  by  the  recorder. 
Each  rodman,  when  he  receives  the  signal '  'all  right "  frcmi  the  instrument 
man,  shall  at  once  read  the  rod  and  record  the  reading  in  the  book  pro- 
vided. The  recorder  shall  always  read  the  rod  after  the  rodman,  make  the 
necessary  calculations,  and  compare  the  results  with  the  rodman.  If  the 
results  differ,  each  shall  a^in  read  the  rod  before  c<Hnparing  results,  and 
if  the  readings  of  the  rod  differ,  another  setting  of  the  target  shall  be  made 
by  the  instrument  man. 

(3)  Work  must  not  be  attempted  during  high  wind  or  when  the  air  is 
'•boiling"  badly.  During  very  hot  weather  an  effort  should  be  made  to 
begin  work  very  early  and  remain  out  late,  rather  than  to  work  during 
midday 

(4)  Foresights  and  backsights  should  be  of  equal  length,  and  no  sights 
over  300  ft.  shall  be  taken  imless  imavoidable  circumstances  necessitate 
the  same*,  as  in  the  case  of  crossing  rivers  or  deep  ravines.  In  such  cases 
extra  precautions  must  be  taken,  and  the  average  of  repeated  readings  at 
changed  positions  of  rod  and  instrument  taken.* 

(5)  If  it  be  impracticable  to  take  equal  foresights  and  backsights,  as  soon 
as  the  steep  slope  or  river  crossing  is  passed,  enough  unequal  sights  shall 
be  taken  to  make  each  set  balance. 

(6)  Distance  along  railroads  may  be  taken  by  counting  rails;  at  other 
times  stadia  or  pacing  may  be  used. 

(7)  The  instrument  must  always  be  leveled  exactly  before  setting  the 
target.  After  setting  it  and  before  giving  the  signal  '*all  right,"  the  bub- 
ble must  be  examined.  One  rod.  No.  1  or  No.  2,  should  always  be  read 
first,  so  that  one  rod  is  used  as  foresight  first  at  one  set-up  and  as  backsight 
first  at  the  next  set-up.  The  bubble-tender  shall  alwajrs  stand  on  the 
same  side  of  the  level-tube  when  the  reading  is  made,  moving  around  the 
tripod  as  the  level-tube  is  reversed. 

(8)  The  level  must  be  examined  daily  or  oftener.  if  necessary,  for  ad- 
justment, the  especially  important  adjustments  being  the  line  of  collima- 
tion  and  the  level-bubble. 

(9)  The  steel  pegs  as  furnished  must  be  used  as  turning-points  in  all 
cases.  These  shall  be  driven  firmly  in  the  ground,  and  the  backsight  peg 
shall  not  be  removed  until  the  foresight  reading  is  completed,  and  the 
reco»-der  and  rodman  have  compared  results  on  the  backsight. 

(10)  Plumbing-levels  must  always  be  used  and  kept  in  adjustment, 
(li)  Bench-marks  or  turning-points  left  at  the  termination  of  work  at 

night,  or  for  rain  or  other  causes,  must  be  selected  with  great  care,  and 
located  in  such  a  manner  that  there  will  be  no  danger  of  their  being  dis- 
turbed or  tampered  with  in  order  that  the  rod  may  again  be  held  on  the 
exact  spot. 

(12)  Permanent  bench-marks  shall  be  clearly  described,  not  only  with 
reference  to  the  nearest  base-line  station,  but  also  to  existing  and  easily 
identified  features  of  the  ground.  A  sketch  shall  be  made  showing  the 
bench-mark  and  the  reference-marks  referred  to. 

(13)  All  circuit  closures  or  checks  by  dupUcate  lines  shall  be  distinctly 
noted,  and  a  reference  made  to  check  levels. 

Duplicate  lines  of  leveb  shall  be  run  forward  and  backward,  and  the 
error  of  closure  of  the  two  runnings  shall  fall  within 

.020  ft.  ^^distance  in  miles  between  benches,t 

or  the  lines  shall  be  re-run. 

Bench-marks  shall  be  established  at  inter\'als  of  one-half  to  one  mile. 

On  the  Champlain  Canal  a  single  line  shall  be  run  from  the  Erie  Cknal 
to  Whitehall.     The  error  of  closure  with  the  U.  S.  D.  W.  shall  fall  within 

.050  ft.'^distance  in  miles  between  the  benches  or  the  lines  shall  be  re- 
run.t 

The  number  of  men  in  each  party  shall  consist  of  five, — an  instrument 

*  See  p.  243  for  reciprocal  leveling. 

t  MteT  the  levels  had  been  run  from  Albany  to  Herkimer,  the  results 
were  so  good  that  the  limit  of  error  was  reduced  to 

,01 GV  distance  in  miles  between  benches. 

/See  p.  276  for  the  explanation  of  tins  {ormula. 
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man,  a  recorder,  two  rodmen,  and  an  umbrella  man.  The  instrument 
must  always  be  shaded  from  the  sun,  both  during  the  set-ups  and  in  moving 
frcHn  point  to  point. 

Procedure  of  Work 

Starting  from  a  bench  or  turning-point,  the  instrument  man  paced  along 
the  towpath  from  200  to  250  ft.,  and  set  up  the  level,  protecting  it  by  the 
umbrella  or  wind-shield  as  occasion  required. 

Rodman  No.  1  remained  at  the  bench,  and  rodman  No.  2.  starting  at 
the  same  bench,  paced  to  and  beyond  the  instrument  till  he  reached  a 
point  as  many  paces  beyond  the  istnunent  as  the  instrument  was  from 
rod  No.  1,  at  which  point  he  drove  the  steel  pin. 

Having  carefully  leveled  the  instrmnent,  the  leveler  set  the  target  on  rod 
No.  1  as  a  backsight,  and  then,  avoiding  both  haste  and  delay,  turned  the 
telescope  to  rod  No.  2,  and  set  the  target  as  a  foresight.  The  bubble-tender 
kept  the  bubble  constantly  in  the  middle  of  the  tube  by  slight  pressure  of 
the  fingers  on  the  leveling-plate  of  the  instrument.  To  balance  errors  due 
to  defective  vision  of  the  bubble-tender,  or  differences  in  the  light  on  the 
bubble,  the  bubble-tender  moved  around  the  tripod  when  the  telescope 
was  turned. 

The  recorder  remained  with  rodman  No.  1  until  both  he  and  the  rod- 
man  had  read,  recorded,  and  checked  the  rod-reading,  when  he  walked 
rapidly  to  rod  No.  2.  checking  the  paced  distances  on  the  way.  The  re- 
corder then  read,  recorded,  and  checked  the  reading  of  target  No.  2,  and 
signaled  "All  right"  to  the  instrument  man,  who  repeated  the  signal  to 
rodman  No.  1,  when  they  both  moved  forward.  Rodman  No.  1,  going 
to  rod  No.  2,  read,  recorded,  computed,  and  compared  results  with  rod- 
man  No.  2  and  the  recorder,  the  leveler  having  at  the  same  time  paced  up 
to  point  No.  2  to  check  the  pacing,  and  then  paced  past  point  No.  2  the 
proper  distance  and  set  up  tne  instrument.  Rodman  No.  1  paced  up  to 
the  instrument  from  point  No.  2,  and  then  an  equal  distance  beyond  it, 
and  drove  steel  pin  and  set  target.  Thus  this  alternation  occurred:  On 
first  set-up  rod  No  I  on  backsight  is  set  first,  and  rod  No.  2  on  foresight  is 
set  last  *  on  second  set-up  rod  No.  1  on  foresight  is  set  first,  and  rod  No.  2 
•n  backsight  is  iet  last. 


CHAPTER  XXIII 
LEVELING— SPECIAL  WORK 

This  ishapter  deals  with  methodB  of  giving  grade-pcunts  for  curbs,  pave- 
ments, sewers,  and  roads;  of  setting  stakes  for  grading  land  areas;  of 
field  work  for  estimating  cut  and  fill  in  ordinary  grading;  and  of  giving 
grade-points  for  vertical  curves.  The  typical  cases  of  special  work  selected 
for  this  chapter  will  suggest  methods  to  be  followed  in  any  work  of  a  simi- 
lar nature  that  is  likely  to  arise  in  the  experience  of  the  young  engineer. 
The  article  on  Setting  Grade-stakes^  p.  258,  should  be  studied  in  oonneotion 
with  this  chapter.  

356.  To  Determine  the  Profile  of  a  Street.  Mark  points 
on  the  curbs,  or  drive  stakes,  at  regular  intervals,  close  together 
where  the  grade  is  dianging  rapidly,  farther  apart  where  the 
grade  is  uniform,  and  treat  these  points  thus  marked  as  inter- 
mediate stations.  Sometimes  a  profile  of  the  center-line  of  the 
street  is  all  that  is  wanted,  but  often  in  addition  the  profiles 
of  curb-lines  and  street-lines  are  also  required.  Elevations 
should  be  taken  at  all  street-comers,  catch-basin  covers, 
bridges,  and  other  points  which  should  appear  upon  the  pro- 
file; also  at  any  abrupt  change  in  the  surface  of  the  ground 
and  at  the  top  and  bottom  of  all  slopes. 

Practical  suggestions.  (1)  Measurements  between  points  may  be  taken 
with  a  tajje  or  with  the  stadia;    sometimes  in  rough  work  they  may  be 

Eaced.  (2)  Bench-marks  should  be  established  at  intervals  of  several 
undred  feet,  and  at  other  points  where  they  might  prove  useful  (see  p. 
253).  (3)  Usually  the  best  method  is  to  number  points  as  described  on 
p.  254.  Enough  stakes  or  points  on  the  curb  should  have  numbers  actually 
marked  on  them  to  render  imlikely  any  confusion  or  omission  of  points. 
(4)  Don't  split  hairs, — read  the  rod  on  intermediate  points  without  using 
the  target;  often  the  nearest  tenth  will  do.  Why  read  to  hundredths 
when  the  rod  is  resting  on  uneven  or  loose  soil? 

357.  To  Set  Stakes  on  a  Grade  between  Two  Fixed 
Points,  (a)  The  most  general  case  is  when  the  stakes  are  at 
unequal  intervals,  and  when  the  ground  is  too  uneven  to  per- 
mit the  use  of  the  "shoo ting-in"  method.  The  grade  will  be 
the  hypothenuse  of  a  right-angled  triangle,  the  base  of  which 
is  the  horizontal  distance  between  the  two  fixed  points;  the 
difference  in  their  elevations  will  be  the  altitude.  By  similar 
triangles  the  elevation  of  any  point  on  the  grade  will  then  be 
proportional  to  the  distance  of  that  point  from  one  of  the 
fixed  points.     The  elevations  of  the  points  having  been  cal- 

culated,  the  stakes  may  be  set  as  explained  in  Art.  334,  p.  258. 
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(&)  lUuatration.  The  elevations  of  two  fixed  points  A  and  B,  360  ft. 
apart,  are  respectively  226.42  ft.  and  233.12  ft.  The  finished  erade  is  a 
uniform  slope  between  the  two  points.  It  is  required  to  set  stakes  40  ft.. 
120  ft.,  anci  300  ft.  from  A.  The  difference  in  elevation  is  6.7  ft.  Hence 
40 
^X  6.7  ft.  =0.74,  and  0.74 +  226.42  =  227. 16  ft.  «=  elevation  at  40  ft.  from^l. 

In  the  same  way  2.23 +  226.42  =  228.65  =  elevation  at  ^4  +  120,  and  5.58+ 
220.42  =  232  =  elevation  at  A +300.  As  a  check  the  difference  in  eleva- 
tion for  the  remaining  60  ft.  is  4X6.7  =  1.12,  and  232.0+1.12=233.12, 
which  agrees  with  the  elevation  of  B. 

(e)  Practiced  suggestions.  (1)  See  p.  259  for  suggestions  for  setting 
stakes.  (2)  When  practicable,  set  stakes  at  equal  mtervals  so  that  the 
difference  between  successive  grade-rods  will  be  a  constant.  [See  Art. 
358  (a).l 

(d)  To  shoot  in  a  grade  bekveen  two  fixed  points.  If  the  two 
points  are  not  already  established,  drive  a  stake  to  grade  at 
each  point  by  the  grade-rod  method.  The  next  step  is  to 
establish  a  line  of  sight  at  a  known  distance  above  grade  and 
parallel  to  grade.  Either  the  transit  or  the  level  may  be  used. 
If  the  level  is  used  it  is  best  to  set  it  up  with  one  pair  of  Icvel- 
ing-screws  in  line  with  the  two  given  points,  so  that  these 
screws  can  be  used  for  inclining  the  telescope.  Method  of 
procedure:  (1)  Set  up  near  one  stake,  a  foot  or  so  behind  it. 
(2)  Hold  the  rod  on  the  stake  and  set  the  target  at  the  height 
of  the  center  of  the  object-glass.  (3)  Hold  the  rod  on  the 
second  stake;  incline  the  telescope  until  the  horizontal  hair 
covers  the  center  of  the  target.  This  brings  the  line  of  sight 
parallel  to  grade,  provided  the  height  of  the  object-glass  has 
not  been  changed  appreciably  by  inclining  the  telescope. 
(4)  Hold  the  rod  on  the  first  stake,  and  set  the  target  over 
again  if  the  object-glass  has  been  changed.  (5)  Hold  the  rod 
at  the  second  stake,  change  the  line  of  sight  slightly  if  Neces- 
sary, and  establish  a  permanent  foresight  at  the  given  distance 
above  the  stake.  (6)  Set  the  intermediate  stakes  without 
changing  the  target.  This  cannot  be  done  if  the  surface  of 
the  ground  is  very  irregular,  hence  this  method  is  suitable  only 
for  comparatively  uniform  slopes. 

(0)  Note.  When  the  transit  is  used  it  is  often  better  to  set  up  directly 
over  one  of  the  stakes,  and  fix  the  target  at  the  height  of  the  supporting 
axis,  thus  avoiding  the  readjustment  in  inclining  the  telescope,  ror  the 
same  reason  some  survevOTs  prefer  to  set  the  level  directly  over  a  stake 
instead  of  a  foot  or  so  behind  it 

(/)  Practical  suggestions.  (1)  Make  sure  that  the  line  of  sight  is  parallel 
to  grade  before  setting  intermediate  stakes,  no  matter  how  many  times  the 
target  must  be  reset, — two  trials  are  usually  sufficient.  (2)  For  a  per- 
manent foresight,  wrap  a  strip  of  paper  about  a  pole,  slip  a  rubber  band 
over  it,  stick  tne  pole  behind  the  stake,  move  the  rubber  band  until  it  coin- 
cides with  the  line  of  sight.  Then  any  change  in  the  line  of  sight  which 
may  occur  during  the  setting  of  intermediate  stakes  may  be  readily  de- 


tected  and  corrected  by  the  levelman.     (3)  The  error  involved  vtv  ^\.Vvi\"^ 

the  targ 

throaigh 


the  target   opposite  to  the   center  of  the   object-ti^Btsa,  V\\\v«wN.  V»<^vcv^ 
the  telescope,  is  very  small,  often  less  tYiau  WisA.  ^YaOsx  ortoxs^axvca 
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occurs  in  setting  the  target  at  a  distance  of  300  ft.  or  400  ft.  (4)  If  the 
surface  of  the  ground  is  too  far  above  or  below  the  required  grade  to  drive 
the  stakes  to  grade,  the  method  can  still  be  used,  provided  all  the  stakes 
can  be  driven  some  constant  distance  above  or  below  grade.  (5)  See  p. 
259  for  other  practical  suggestions  for  driving  stakes. 

358.  To  Set  Grade-stakes  for  a  Curb.  A  transit  adjusted 
for  leveling  is  the  best  instrument  for  this  work.  (1 )  Find  two 
points  known  to  be  on  the  curb-line,  and  if  the  curb  is  straight, 
line  in  stakes  at  intervals  of,  say,  25  ft.  to  50  ft.,  driving  each 
stake  a  few  inches  into  the  ground.  (2)  Shoot  in  these  inter- 
mediate stakes  to  grade  if  practicable;  if  not,  figure  the  grade- 
rod  for  each  stake  (see  p.  243).  If  the  grade  is  on  a  vertical 
curve  there  is  no  difference  in  the  field  work, — it  is  simply  a 
matter  of  fixing  upon  elevations  at  stated  intervals  (see  p.  289). 

(a)  Grade-rod  method,  illustration.  A  curb  376.1  ft.  long  is  to  be  set 
to  a  2%  grade.  The  lower  end  begins  at  a  point  of  129.64  ft.  elevation. 
Stakes  are  set  on  line  every  50  ft.  The  grade-rod  will  therefore  be  1.0  ft. 
Ie89  for  each  succeeding  stake  as  the  grade  ascends.  The  3  +  50  stake  is 
26.1  ft.  from  the  end,  so  that  .02X26.1  =  0.522  must  be  subtracted  from  the 
grade-rod  used  for  that  stake  to  get  the  grade-rod  for  the  end-stake;  i.e., 
if  the  grade-rod  for  the  first  stake  is,  say,  8.94,  for  the  3  +  50  stake  it  is 
1.94.  and  for  the  last  stake  it  is  1.42. 

(6)  Practical  suggestions.  (1)  When  practicable  set  the  instrument  mid- 
way between  the  ends,  and  high  enough  to  control  the  last  or  highest 
stake.  (2)  The  curb-line  may  be  marked  by  tacks  in  the  top  of  the  stakes 
after  the  latter  have  been  set  to  ^rade,  or  tlie  stakes  may  be  driven  with 
their  edges  on  line.  See  suggestions,  p.  259,  for  setting  stakes.  (3)  In 
resetting  old  curbs  a  stone  may  be  removed  wherever  it  is  desired  to  drive 
a  stake,  or  an  offset-line  may  be  run  on  the  sidewalk,  two  or  three  feet  from 
the  curb-line.  I^oints  on  this  line  at  intervals  of  about  25  ft.  may  be 
marked  by  spikes  driven  flush  in  the  sidewalk,  or  if  this  be  impracticable, 
by  scratches  on  the  surface.  The  curb-setter  should  be  furnished  with  a 
memorandum  giving  the  distance  that  each  point  is  above  or  below  the 
grade  of  the  curb  opposite  to  it. 

359.  To  Lay  Out  Grades  for  Pavements.  (1)  Set  stakes 
for  curbs  as  in  the  preceding  article.  After  the  curb  has  been 
set,  mark  points  on  the  face  of  the  curb  where  the  surface  of 
the  pavement  will  strike  the  curb.  These  marks  may  be  made 
with  a  chisel  at  intervals  of  from  25  to  50  ft.  A  row  of  stakes 
may  also  be  set  on  the  center-line  of  the  street,  especially  if 
it  is  a  wide  street,  to  indicate  the  top  of  the  crown  of  the  road- 
way. These  stakes  and  the  marks  on  the  curb  are  established 
with  level  and  leveling-rod  by  the  grade-rod  method  or  by  "shoot- 
ing in."  If  it  is  necessary  to  estimate  quantities  before  the 
I>avement  is  laid,  profiles  should  be  made  of  the  center-line 
and  of  the  gutter-lines,  and  also  in  many  cases  of  the  sidewalk 
lines  and  property  lines.  The  engineer  often  marks  out  the 
templet  used  in  laying  a  pavement.  Unless  the  street  is 
very  wide  this  templet  corresponds  to  one  half  of  the  cross- 

section;  its  lower  edge  is  an  arc  of  a  vertical  circle  or  par- 
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abola  starting  from  the  gutter-Iine  and  rising  to  the  center  of 
the  street  to  give  a  proper  crown  to  the  pavement. 

360.  To  Give  Grades  for  a  Sewer.  The  center-line  of  the 
trench  is  first  staked  out  on  the  ground.  As  soon  as  a  portion 
of  the  trench  is  well  under  way,  have  the  contractor  set  planks 
about  two  inches  thick  on  edge  across  the  trench  at  intervals  of 
about  25  or  30  ft.,  the  ends  sunken  into  the  banks  flush  with 
the  ground  surface.  Nail  upright  strips  (grade-slats)  about  two 
inches  wide  to  the  plank  so  that  a  line  along  the  edges  of  the 
strips  will  be  directly  over  the  center  of  the  sewer.  The  transit 
used  for  lining  in  the  strips  may  now  be  used  for  "shooting 
in"  the  grade,  or  the  grade-rod  method  may  be  applied.  The 
grade  is  marked  on  the  uprights,  either  by  driving  a  nail  ho:i- 
zontally  into  the  edge  of  each  "slat,"  or  by  cutting  a  notch. 
The  nails  should  be  driven  only  part  way  in,  so  that  by  sight- 
mg  along  the  nails  any  error  may  be  detected  by  the  eye.  The 
nails  or  notches  on  the  uprights  are  usually  placed  a  whole 
nimiber  of  feet  above  the  flow-Hne  of  the  sewer  (the  lowest 
line  along  the  inside  surface  of  the  sewer).  This  holcls  good 
for  pipes  as  well  as  for  built  sewers. 

(a)  Practical  auggeationa.  (1)  Grades  should  be  Ktven  to  the  near- 
est hundredth  of  a  foot,  and  the  flatter  the  grade  the  more  accurately  the 
sewer  should  be  laid.  (2)  When  the  ground  is  very  uneven  it  niay  be 
necessary  to  set  the  nails  or  notches  at  uneoual  distances  above  the  flow- 
line,  but  the  distance  for  each  notch  should  be  some  whole  number  of  feet. 
It  is  well  to  mark  a  "crow-foot"  on  each  grade-alat,  with  the  ai>ex  at  the 
nail  or  notch,  and  the  amount  of  cut  marked  between  the  lines.  (3)  When 
nails  or  notches  are  a  constant  distance  above  grade  and  one  is  set  by 
mistake  far  enough  above  or  below  the  others  to  affect  construction,  the 
error  will  be  apparent  to  the  eye — hence  form  the  habit  of  sighting  fre- 
quently along  the  nails  or  notches.  (4)  The  planks  may  be  disturbed 
by  blasting,  or  the  uprights  themselves  be  knocked  out,  especially 
if  a  cable  trenching-machine  is  used.  P'or  this  reason,  if  for  no  other, 
bench-marks  should  be  established  near  the  end  of  each  stretch,  or  at  dis- 
tances not  exceeding,  say,  400  ft.  (5)  A  straight,  stiff  grade-pole  should 
be  made  for  the  use  of  the  contractor  and  inspector,  say  of  2"X2"  pine, 
with  a  bracket  at  the  bottom  extending  at  right  angles  to  the  pole.  Meas- 
uring from  the  bottom  of  the  bracket,  cut  grooves  to  mark  each  foot. 
These  grooves  should  be  accurately  cut  across  the  face  of  the  pole  so  that 
when  the  cord  is  stretched  between  the  naiLs  or  notches  on  the  uprights 
any  groove  may  be  fitted  to  the  cord  at  any  point,  thus  making  the  bot- 
tom of  the  bracket  the  corresponding  number  of  even  foot  below  the  cord. 

(6)  To  avoid  mistakes,  work  in  one  direction,  say  from  down  hill  up  hill, 
flo  that  the  target  will  always  be  moved  downward  at  each  new  setting. 

(7)  As  sewers  are  usually  laid  in  streets,  it  is  easier  to  measure  the  dis- 
tances between  grade-slats  along  the  surface  of  the  ground,  and  find  the 
proportion  of  the  total  rise  or  fall  for  each  of  these  distances.  (See  (2),  p. 
286.)  The  per  cent,  for  grade  thus  found  does  not  accord  with  the  definition 
in  Art.  310  (a),  p.  243,  but  the  difference,  numerically.  Is  small.  On  rough 
uneven  ground  or  very  steep  slopes  it  may  be  more  convenient  to  measure 
between  nttde-slats  by  horizontal  stretches,  as  in  ordinary  chaining,  al- 
though a  final  **0.  K."  measurement  should  be  made  parallel  to  the  sewer, 
since  the  contractor  will  be  paid  for  the  length  of  sewer  as  thus  meaaux^d^ 
and  not  for  its  horizontal  projection. 
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(6)  Illustration.  (See  field  notes  for  Albany  Ave.  sewer,  pp.  284,285.) 
Data.  The  blue-print  called  for  the  following  flow-line  elevations:  At 
the  center  of  the  manhole  (or  Sta.  0),  El.  =45.62  ft.;  at  268  ft.  upstream 
(or  Sta.  2  +  68),  El.  =  46.96  ft.;  a  straight  grade  between  these  two  points 
or  a  rise  of  46.96-45.62  =  1.34  ft.  in  268  ft.,  or,  approximately,  a  0.6% 
grade  (for  1.34-^2.68  =  0.5).  An  outUne  of  the  different  steps  that  were 
taken  in  giving  the  grade  is  as  follows: 

(1)  The  contractor  set  planks  on  edge  across  the  trench,  at  intervals 
of  about  30  ft.  The  engineer  Uned  in  the  uprights  or  grade-slats.  As  a 
slat  could  not  be  set  over  the  manhole  at  Sta.  0,  one  was  set  directly  back 
of  it  (-1.3  ft.). 

(2)  Measured  the  partial  distances  between  slats,  25.16,  30.01,  29.99, 
etc.,  and  entered  these  distances  in  column  1,  written  in  smaU  figures  just 
below  the  ruled  Unes.  As  the  grade  of  the  street  was  slight,  these  dis- 
tances were  measured  along  the  surface. 

(3)  Added  each  partial  distance  to  the  number  of  the  preceding  station 
to  get  the  number  of  the  station  at  the  succeeding  grade-slat,  thus:  (0)  + 
25.16  =  Sta.  0  +  25.16;  (0  +  25. 16) +  30.01  =  Sta.  0  +  65.17;  (0+55.17)  + 
29.99  =  Sta.  0  +  85.16,  and  so  on,  thus  completing  column  1.  Observed 
that  the  last  station  checked,  very  closely,  with  the  total  distance. 

(4)  ISfultiplied  each  partial  distance  by  0.5  (per  cent.)  and  put  the  re- 
sults in  column  5,  written  in  small  figures  just  below  the  ruled  lines,  thus: 
25. 16  X 0.5  =  0. 126 ;   30.01  X  0.5  =  0. 150,  and  so  on. 

(5)  Starting  with  the  known  elevation  of  45.62  for  Sta.  0,  found  the 
elevation  of  the  flow-line  at  each  station  by  adding  to  the  elevation  of  the 
preceding  station  the  quantity  in  small  figures  just  below,  thus:  45.62  + 
0.126  =  45.746;  45.746  +  0.150  =  45.896,  and  so  on.  Noticed  that  46.96, 
the  elevation  thus  obtained  for  Sta.  2+68.34,  checked  with  the  elevation 
called  for  on  the  blue-print  for  that  station.     This  conpletes  column  5. 

(6)  Backsighted  on  a  bench-mark  to  get  H.I.  For  convenience,  55.610, 
the  elevation  of  the  B.M.,  and  3.207,  the  B.S.,  were  both  recorded  in  the 
second  column.      Recorded  58.817  (their  sum)  in  the  third  column. 

(7)  Subtracted  each  of  the  calculated  elevations  in  column  5  frcmi  H.I. 
to  get  the  grade-rod  and  entered  the  results  in  the  fourth  column,  the 
whole  number  of  feet  at  the  top  of  the  space,  the  decinial  part  on  the 
ruled  Une,  thus:  58.817-45.746=13.071;  58.817-45.896  =  12.921,  and 
so  on. 

(8)  Found,  by  trial,  that  it  would  be  most  convenient  to  cut  the  notches 
on  the  grade-slats  10  ft.  above  the  flow-hne,  hence  each  grade-rod  was 
reduced  by  10  ft.,  gi\'ing  "field-rods"  of  3.071,  2.921,  etc.,  thus  com- 
pleting column  4. 

(9)  The  notch  on  each  grade-slat  was  then  cut,  a  ''crow-foot"  marked 
on  the  slat  with  its  point  at  the  notch,  and  *'10"  marked  between  the 
lines  of  the  crow-foot.  As  the  work  progressed,  the  last  column  was  filled 
out.  Opposite  Sta.  0  +  25.16,  for  example,  there  are  three  quantities 
recorded,  i.e.,  10  ft.,  the  difference  between  the  grade-rod  and  field-rod, 
or  the  distance  of  the  notch  on  the  slat  above  flow-line;  0.7  ft.,  the  dis- 
tance of  the  notch  above  the  ground,  and  9.3  ft.  (or  10  —  0.7),  the  actual 
cut  at  that  station.  This  column  shows  the  actual  depth  of  earth  which 
the  contractor  has  to  remove;  it  is  also  useful  in  plotting  the  profile  of 
the  finished  sewer. 

(10)  Finally,  measurements  were  taken  between  notches,  skipping  every 
other  slat  so  as  to  make  each  measurement  cover  two  intervals.  These 
measurements  of  55.15,  60.03,  etc.,  in  column  2,  were  added  up.  and  their 
sum  or  the  "O.  K."  measurement  was  compared  with  the  length  obtained 
in  the  first  column  from  the  partial  measurements.  As  might  be  expected, 
it  was  slightly  shorter.  The  contractor  is  paid  for  the  length  of  sewer  as 
thus  measured,  i.e.,  as  measured  parallel  to  grade. 

(11)  Explanatory  notes  and  records  of  various  underground  structures 
and  rock  measurements  were  put  on  the  right-hand  page.  Thus,  for  ex- 
ample, rock  in  the  trench  began  at  Sta.  0  +  57,  10  ft.  down,  measured 
from  the  cord  stretched  between  notches  on  the  grade-slats;  at  Sta.  0+60 
the  top  of  the  rock  was  9.3  ft.  below  the  cord;  at  Sta.  0+63,  8.5  ft.  below, 
and  so  on.  The  direction  of  the  12"  water-main  is  given  by  offsets  from 
the  center-line  of  sewer;  thus  at  Sta.  1  +88  the  offset  is  3.1  f t ,  at  1  +82  it 
is  0.8  ft  ,  and  at  1  +  73.5  it  crosses  the  center-line,  with  its  top  4  ft.  below 
t/ie  cord  stretched  between  notches  on  the  grade-slats. 

C^J  lUtdstrcUion.     (See  notes  for  Newhall  St.  tile  sewer.)     The  first  and 
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second  columns  correspond  to  the  first  and  fourth  columns,  respectively,  of 
the  preceding  illustration.  The  third  column  is  the  "  height  above  grade" 
of  the  notches  or  nalLs  in  the  slats  and  corresponds  to  the  first  part  of  the 
last  column  in  the  preceding  illustration.  The  fourth  column  contains  the 
"elevation  of  grade  points"  or  actual  elevations  of  the  notches  or  nails. 
The  fifth  column  gives  the  field-rods.  The  third  and  fiith  coluoms  are  com- 
bined in  column  4  in  the  preceding  illustration. 

(d)  Suggestions.  (1)  The  heading  of  the  notes  for  sewers 
should  give:  name  of  street;  size  of  sewer  and  material;  rate 
of  grade  and  date.  (2)  Manholes  and  other  important  points 
should  be  referenced,  and  notes  made  of  curves,  house-connec- 
tions, and  bends,  as  illustrated  on  p.  285. 

361.  To  Qive  Elevations  for  a  Line  of  Shafting.  The 
controlling  points,  say  at  each  hanger,  must  be  lined  in  first, 
hence  the  transit  used  for  that  purpose  may  also  be  used  for 
leveling.  The  elevations  of  the  controlling  points  may  be 
established  by  the  grade-rod  method  in  the  usual  way.  Since 
the  points  are  usually  above  the  instrument,  minus  grade-rods 
must  be  used,  and  hence  it  will  be  more  convenient,  although 
by  no  means  necessary,  to  hold  the  rod  upside  down.  A 
bench-mark  should  be  established  from  which  all  elevations 
may  be  obtained. 

Illu9trcUion.  The  elevation  of  the  line  of  shafting  at  some  hanger-point 
is  to  be,  say,  12  ft.  The  height  of  instnmient  is,  say,  5  ft.  Then  5  —  12  — 
—  7  ft.  is  the  grade-rod,  i.e.,  the  required  point  is  7  ft.  above  instead  of 
below  the  line  of  sight.  Set  the  target  at  7  ft.,  and  hold  the  rod  upside 
down.  The  base  of  the  rod  will  then  be  7  ft.  above  the  line  of  sight  and 
hence  wiU  give  the  required  point. 

362.  To  Estimate  Cut  and  Fill  for  Grading  Divide 
the  area  to  be  graded  into  squares,  as  in  Fig.  468,  p.  432.  Find 
the  elevation  of  the  ground  at  the  comer  of  each  square,  as  in 
profile  leveling,  and  calculate  the  cut  or  fill  according  to  the 
method  explained  in  Part  II.  Borrow-pits  may  be  staked  out 
and  the  contents  estimated  by  this  method. 

Practical   auggestiona.     (1)  Establish   one    or  more    permanent    bench- 
marks, according  to  the  size  of  the  plot.     (2)  Make  the  squares  as  large 
as  possible,  and  yet  have  the  surface  of  the  ground  in  any  one  square  ap- 
proximately a  plane.     The  more  uniform  the  surface  the  larger  the  squares; 
very  rough  ground,  small  squares.     (3)  Take  extra  rod-readings  to  cover 
hollows  and  mounds  within  a  square,  which  otherwise  would  cause  appre- 
ciable errors  in  results.     (4)  Chain-pins  can  be  used  to  mark  corners,  but 
stakes  are  better,  for  the  number  or  letter  corresponding  to  the  corner  may 
then  be  marked  on  the  stake.     (5)   Use  some  system  of  marking  corners 
like  that  shown  in  Fig.  402  ( c),  p.  341.     (6)  It  is  often  accurate  enough  to 
line  in  stakes  by  eye,  measuring  the  distances  between  with  a  tap>e,  or 
sometimes  by  pacing.     Another  method  is  to  lay  a  tape  on  the  ground  first 
along  one  line  of  comers  and  then  along  another  hne;  the  rod  is  held  at 
every  10-ft.  point  or  20-ft.  point,  or  whatever  the  proper  interval  may  be 
and  thus  the  use  of  stakes  or  chain-pins  is  avoided. 

Z6Z.  To  Set  Stakes  for  Grading  Land.  Divide  the  plot 
into  squares,  drive  a  stake  a  few  incEea  \ii\iO  \»\i^  ^Ci>ixA  'Si.X.  *Oaa 
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corner  of  each  square,  and  mark  each  slake  according  to  aome 
system  like  that  shown  in  Fig.  402  (c) ,  p.  341.  If  the  cut  and  fill 
is  to  be  estimated  before  the  stakes  are  set  to  grade,  the  ele- 
vation of  the  groufid  at  each  stake  is  found  in  the  usual  maimer, 
and  the  computations  made  as  explained  on  pp.  429-434.  When 
the  finished  grade  has  been  decided  upon,  it  remains  to  drive 
each  stake  either  by  using  a  grade-rod  or  by  "shooting  in." 
the  grade.  There  are  three  general  cases,  acicording  to  whether 
the  finished  grade  is  (1 )  to  be  level,  (2)  to  slope  in  one  direction, 
or  (3)  to  slope  in  two  directions. 

Remark.  In  each  of  the  three  cases  it  will  be  asstimed  for  purposes  of 
explanation  tha.t  the  surface  of  the  sround  is  such  tbMkt  aU  stipes  can  be 
driven  to  grade.  When,  as  is  usually  the  case,  this  cannot  be  done,  the 
customary  method  is  to  drive  temporary  stakes  marked  with  the  dut  or 
fiM  measured  from  the  existing  surface.  (See  (5),  p.  259.)  When  the  rough 
grading  is  completed,  the  final  set  of  stakes  may  be  driven  with  tops  to 
grade  (see  (1),  p.  258),  or  with  tops,  say,  one  foot  above  grade  (see  (2>, 
p.  258),  or  with  lines  marked  on  the  stakes  (see  (3),  p.  258).  Occasionally 
it  win  be  necessary  to  set  stakes  once  for  an  before  grading  is  begua,  and 
to  use  different  "field -rods"  for  different  stakes.  (See  illustration  (b), 
p.  259.) 

(a)  Case  I.  To  set  stakes  so  that  the  finished  grade  wiU  he 
level.  It  is  required  to  grade  to  an  elevation  of  100  ft.  (actual 
or  assumed).  (1)  Set  up  the  level  and  find  H.I.  Say  it  iis 
106.45.  (2)  Set  the  target  at  the  grade-rod,  in  this  case  6.45. 
(3)  If  the  ground  is  already  nearly  level  it  may  be  possible  to 
drive  all  stakes  to  grade,  using  this  grade-rod,  or,  if  more  than 
one  set-up  is  required,  by  figuring  a  new  grade-rod  for  each 
new  set-up  of  the  level. 

(6)  Case  II.  To  set  stakes  so  that  the  finished  grade  wiU  slope 
in  one  direction  only.  In  this  case  it  is  best  to  set  the  lines  of 
stakes  parallel  to  the  direction  of  the  slope.  Then  each  line 
may  be  set  in  a  manner  similar  to  that  explained  for  setting 
curb-stakes  (p.  282).  A  quick  method,  when  the  surface  of  the 
ground  is  fairly  even,  is  to  "shoot  in"  one  row  of  srtakes  in  the 
direction  of  the  slope,  and  then  set  the  cross-rows  at  right 
angles,  with  all  the  stakes  in  any  one  row  at  the  same  elevation. 
In  rough  ground  it  is  usually  necessary  to  set  stakes  by  the  use 
of  "field"  grade-rods,  as  explained  above. 

(c)  Case  III,  To  set  stakes  so  that  the  finished  grade  vciU  slope 
in  two  directions.  In  this  case,  if  the  two  directions  of  slopes 
are  at  right  angles  to  each  other,  the  work  is  similar  to  the  pre- 
ceding case,  the  stakes  in  one  direction  being  set  parallel  to  the 
s)ope  in  that  direction;  the  cross-lines  in  the  other- direction 
irz//  ilien  be  parallel  to  the  other  slope.    When  the  ground  is 
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neariy  at  the  required  grade,  a  quid"  way  la  to  calculate  the 
elevations  of  the  four  corner-stakes,  set  these  stakes,  ''shoot 
in"  the  outside  rows,  and  then  ''shoot  in"  the  intermediate 
stakes  of  each  row  from  the  two  extreme  stakes  in  that  row. 
If,  however,  the  ground  is  too  imeven  to  set  the  stakes  without 
using  different  grade-rods,  it  then  becomes  necessary  to  calcu- 
late the  elevation  of  the  finished  grade  at  each  stake,  and  from 
these  elevations  find  the  grade-rod  to  use  for  each  stake,  as  in 
the  preceding  illustration. 

When  the  two  directions  of  slope  are  not  at  right  angles  to 
each  other,  the  problem  is  somewhat  more  complicated.  As  a 
general  rule,  several  points  may  be  chosen  to  be  used  as  con- 
trolling points.  The  elevations  of  these  p)oints  having  been 
determined,  by  calculation  or  by  some  other  method,  stakes 
may  be  set  on  a  straight  line  between  any  two  controlling 
points  in  the  usual  manner.  Controlhng  points  should  be 
selected  with  a  view  of  simplifying  the  work  of  calculation  as 
well  as  the  actual  field  work. 

364.  To  Stake  Out  a  Vortical  Curve.  Once  the  elevations 
of  points  on  the  curve  are  known,  the  work  of  setting  stakes 
does  not  differ  from  any  of  the  work  already  explained  in 
which  the  grade-rod  method  is  used.  The  elevations  on  the 
curve  are  usually  taken  at  regular  intervals,  and  may  be  de- 
termined in  two  ways:  (1)  by  calculation,  and  (2)  by  plotting 
the  curve  and  scaling  the  ordinates  (elevations).  If  the  latter 
method  is  used,  the  vertical  scale  is  usually  much  greater  than 
the  horizontal  scale, — large  enough  so  that  ordinates  may  be 
scaled  to  the  limit  of  error  fixed  upon  for  setting  stakes.  In 
case  this  limit  of  error  is  very  small,  it  is  usually  necessary  to 
calculate  elevations.  The  parabola  is  often  used  for  vertical 
curves,  because  (1 )  it  is  well  adapted  for  a  gradual  and  easy 
diange  from  an  up  grade  to  a  down  grade,  or  vice  versa,  and 
(2)  the  calculation  of  elevations  is  very  simple. 

(a)  TO   CALCXJLATB  THE  ELEVATIONS  OF  POINTS  ON  A  VERTICAL 

PARABOLA 

Let  /  be  the  point  of  intersection  of  an  up  grade  AI  with  a 
down  grade  IB.  Let  d=the  distance  between  stations,  and  let 
A  hen  stations  on  one  side  of  /,  and  B  be  n  stations  on  the  other 
side,  i.e.,  AE^  =  E'B\  and  hence  AE=EB.  Let  g  represent  the 
rise  of  AI  per  d  ft.,  and  g'  the  fall  of  IB  per  d  ft.  These  two 
grades  may  be  unequal.  Required :  To  ^nd  l\i^  ^V^n  «Aao\s.  cA  ^^vo*-'^ 
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on  a  vertical  parabola  passing  through  A  and  jB,  tangent  to  AI  and 
BI.  There  are  two  methods :  (1 )  To  calculate  tangent  corrections 
Vu  2/2,  2/3,  etc.,  at  regular  intervals;  this  corresponds  to  tangent 
offsets  for  circular  curves  (p.  207).  (2)  To  find  the  chord  gra- 
dients for  successive  chords.  Since  AE=EB,  IE  is  a  diameter 
of  the  parabola,  and  the  distances  of  the  curve  in  a  vertical 
direction  from  stations  on  the  tangent  A I  are  as  the  squares  of 
the  number  of  stations,  or  if  x  =  the  number  of  stations  and  c= 
a  constant,  y=x^c.  (From  analytic  geometry.)  It  can  be 
shown  that 

g-g' 


c= 


4n 


(1) 


T 

n-  -  Stations >t<- 


-T-^ 


i     -    -5 

— -»t— Stailons- 


->i 


Fig.  364  (a). 


I.  First  method,  tangent 
deflections 

d  ft.  from  A  or  P.C.  yi  =  c 
2d'*      ''    ''  ''    ''  y2=^4c 
M''     ''    '*  ''    '*  2/3=9c 
W     "     ''  "    ''  2/4=16c 
Nd''     '*    '*  ''    ''  yv=N^c] 


II.  Second  method,  swccemt« 
chord  gradients 

First  ehord  gradient  =  g—c 
Second^'  *'       =gr-3c 

Third    ''  ''       ^g-5c 

Fourth '^  ''       =g-7c 

Nth       ''  ''       =g-{2^1)c 

Remark.  The  plus  si^  may  be  given  to  an  ascending  grade  and  a 
minus  sign  to  a  descending  grade.  If  strict  attention  is  paid  to  algebraic 
signs  in  determining  the  value  of  c,  the  above  formulas  hold  good  for  all 
six  possible  combinations  of  grades,  including  the' cases  when  both  grades 
are  rising  or  both  falling. 

(6)  Elevations  of  special  points.  The  elevation  of  a  point  be- 
tween stations  may  be  foimd  by  treating  the  distance  of  the 
point  from  the  preceding  station  as  a  decimal  part  of  d.  (See 
remark,  p.  292.) 

The  elevation  of  /  is  the  elevation  of  P.C.  plus  ng.    The  ele- 
vation  of  P.T.  is  the  elevation  of  /  plus  ng\ 
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The  elevation  of  the  point  on  the  curve  directly  above  or 
below  /  may  be  found  by  adding  algebraically  nh  to  the  mean 
of  the  elevations  of  P.C,  and  P.T, 

Field  Work  op  staking  out  a  Vertical  Parabola 

!c)  Method  of  procedure  for  tangent  corrections. 
1)  Calculate  c  from  formula  (1),  p.  290,  being  careful  to  give 
to  g  and  g^  their  correct  algebraic  signs.     (See  remark,  p.  290.) 

(2)  Calculate  the  uncorrected  elevation  of  each  station  as  if 
it  were  on  the  given  grade  through  P.C.  by  adding  g  algebraically 
to  the  elevation  of  the  preceding  station. 

(3)  Calculate  the  tangent  corrections  j/i,  ^2,  2/8,  etc. 

(4)  Subtract  algebraically  the  values  of  t/^,  1/2,  yz,  etc.,  found 
in  (3)  from  the  corresponding  uncorrected  elevations  found  in 
(2).     This  gives  the  actual  elevations  of  points  on  the  curve. 

(5)  Set  stakes  for  the  various  points  by  the  grade-rod  method 
(pp.  243,  258-259). 

(d)  Method  of  procedure  for  chord  gradients. 

(1)  Calculate  c  as  in  the  preceding  method. 

(2)  Calculate  the  gradient  for  each  chord  by  subtracting  2c 
algebraically  from  the  gradient  of  the  preceding  chord.  (The 
gradient  of  the  first  chord  is  ig  —  c).    See  p.  290.) 

(3)  Beginning  with  the  elevation  of  P.  C.,  add  algebraically  the 
gradient  of  each  chord  to  the  elevation  of  the  station  at  the 
beginning  of  the  chord  to  find  the  elevation  of  the  station  at 
the  end  of  the  chord. 

(4)  Set  stakes  for  the  various  points  by  the  grade-rod  method. 

(e)  Methods  compared.  The  method  of  chord  gradients  is 
preferable  to  the  other,  since  it  involves  not  only  less  arithmet- 
ical work,  but  if  the  elevation  of  P.T.  comes  out  correct,  it  is 
a  check  on  all  of  the  calculations. 

(/)  lUtutration.  A  grade  ascending  at  the  rate  of  1  ft.  per  100  ft.  is  to 
be  connected  by  a  parabola  with  a  grade  descending  at  the  rate  of  3  ft. 
per  100.     Stakes  are  to  be  set  100  ft.  apart.     P.C.  and  P.T    are  each  to 

be  200  ft.  from  /.     Then  rf=100,  g=l,  (/'  =  (-3),  n  =  2,  and  c=     ^vo     "^ 

+  0.^    Suppose  the  elevation  of  P.C.  is  128.16,  then  the  following  table 
will  i^^trate  the  two  methods. 


Bt  Tangent  Corrections 

Uncor- 
Stake     rected    y 
elevation 

128.16   -   0!0   =■   128.16 


2c  Corrected 
elevation 


P.C. 


4-1.0 

129.16 
+  1.0 

130.16 
•f  1.0 

131.16 
+  1.0 


-  0.5 


-  2.0 


-  4.5 


P.T.      132.16  -  8.0 


128.66 


128.16 


126.66 


124.16 


Line 
—  to  P.C. 

P  C.  to  1 

1  to  2 

2  to  3 
3  to  P.T. 


Bt  Gradients 

Gradient 

1.0 
+  0.5 

g-  e  =  +0.5         1 
+  1.0 

^~3c=-0.5        2 
+  1.0 

(7  — 5c»=— 1.5        3 
+JLO 

g-^c=-^.^     P.T 


Corrected 
elevation 

128.16 
->-0.5 

=  128.C6 
-0.50 

=  128.16 
- 1 .5 

=  126.66 
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Check.  From  (6)  the  EL  of  7-128.16+2X  1-130.16.  EL  of  P.r.- 
130.16 +  2X(- 3) -124.16  (check).  EL  of  curve  at  a  point  below  /  ia 
(128.16-»-124.16)  +  2+22X0.6-136.16+3.0=- 128.16  (cheek). 

Remark.  The  elevation  of  any  substation  say  140  ft.  from  P.C.  (1.4 
stations  )  =  128. 16 + 1.4(7 -( 1 .4)2c  =  129.66  -  O.ftS  =  138.58. 

Both  grculea  cucending  or  both  desixnding.     Method  still  holds  good. 

Ex^reue,  Find  the  etHreeted  elevsticMie  in  the  above  illustration  when 
^  is  +3.     (The  elevation  of  P.T,  should  come  out  136.16.) 

(g)  To  make  the  vertical  parabola  connecting  two  grades  pass 
through  a  point  at  a  given  diiance  above  or  below  I,    From  p,  ^90 

^    y    9- 


4n 


Heuoe  y  for  a  point  above  or  below  /  (i.e.,  n 

stakes  from  P.C.)  is  given  by  y= 

(1)  Substitute  for  y  the  amount  the  curve  must  pass  above 
or  below  /,  insert  values  for  g  and  g',  and  solve  for  n.  (2)  Find 
c  and  proceed  as  usual. 

lUuatrcUion.  A  grade  desoendin^p  at  the  rate  of  2.0  ft.  per  100  ft.  is  to 
be  connected  with  a  grade  ascendmg  at  the  rate  of  3.6  ft.  per  100  ft.  by 
a  vertical  parabola.  The  curve  must  pass  throuch  a  p<uni  1.4  above  /. 
Stakes  must  be  set  at  25  ft.  intervals.  (7—  —2  ft.  per  100  ft.—  —0.6  ft. 
per  25  ft.     (^  =  +3.6  ft.  per  100  ft.  =  +0.9  ft.  per  25  ft. 

By  the  conditions  1/— 1.4,  hence  1.4  — '-: '■ — ,  and  n— 4,    Benee 


-0.5-0.9 
4X4 


-0.0875.     Suppose  that  the  elevation  of  P.C.  =  98.6. 


Bt  Tangent  Corrections 

Uncor- 
Stake     rected 
elevation 

0.0 


2/— x^c 


CJorrected 
elevation 


P.C. 


6 


98.6 
-0.5 

98.1 
-0.5 

97.6 
-0.5 

97.1 
-0.5 

96.6 
-0.5 

96.1 
-0.5 

95.6 
-0.5 

95.1 
-0.5 


0.0876 


98.6 


98.1875 


-    -0.35       -     97.95 


-    -0.7875 


-    -1.4 


97.8875 


-     98.0 


-    -2.1875   -     98.2875 


-  -3.15       -     98.75 

-  -4.2875   =     99.3875 


P.T       94.6   -    -5.6 


By  Gradibvts 
Line 
to  P.C. 


G«««ent  SS^SSS? 


P.C.  to  1 


1  to2 


2  to  3 


3  to  4 

4  to  6 


5  to  6 


6  to  7 

7  to  8 


-0.5 
-0.0876 
-0.4126 
-0.1750 

-0.2375 
-0.1760 

-0.0625 
-0.1760. 

+0.1125 
-0.1760 

+  0.2875 
-0.1750 

+0.4625 
-0.1760 

+  0.6375 
-0.1750 


98.6 
-0.4125 

98.1875 
-0.2375 

97.9500 
-0.0626 

97.8876 
+0.1125 

98.0000 
+0.2875 

98.2875 
+0.4625 

98.7600 
+§16876 

99.3875 
+0.8125 


+  0.8125     100.2000 


=   100.2 

Check.  El.  of  7-98.6+ X4(- 0.5)  =  96.6.  El.  of  P.r.  =  96.6 +4X0.9 - 
100.2  (check).  The  elevation  of  a  point  on  the  curve  above  7  is  (98.6+ 
100.2) +2  + 42 X- 0.0875  =  99.4+ (-1.4)  =  98.0  (check).     (See  also  p.  368.) 

^     (h)  When  the  rate  of  change  c  and  the  two  grades  g  and  g*  are 

given.    The  first  step  is  to  find  n  from  n=  .     Then  proceed 

as  ia  the  other  cases  already  illustrated.     (See  books  on  Rail* 
^Bjr  Curves  for  other  special  cases.) 


CHAPTER  XXIV 

COMPASS  SURVEYINQ 

Since  the  theory  of  transit  survejdng  already  explained  includes  prao- 
tioally  all  of  the  theory  of  compass  surveying,  it  is  necessary  in  this  chapter 
to  give  only  a  few  additional  directions  and  suggestions  for  the  use  of 
the  compass.  The  first  part  of  Chapter  XI,  which  deals  with  the  subjeoi 
of  bearings,  should  be  studied  in  connection  with  this  chapter. 


365.  Compass  Surveying.  The  transit  has  taken  the  place 
of  the  surveyor's  compass  to  such  an  extent  that  now  the  latter 
is  used  for  rough  work  only,  where  speed  and  not  aoouraoy  is 
the  first  requirement.  For  such  work  the  compass  is  a  veiy 
useful  instrument,  and  surprisingly  good  results  may  oftQn  ht 
obtained  with  it.  The  positions  of  any  two  points  with  respeet 
to  each  other  are  determined  by  the  bearing  and  the  length  of  the 
line  between  them,  and  this  is  the  basis  of  compass  surveying. 
The  angle  between  two  lines  may  be  calculated  easily  if  the 
bearing  of  each  line  is  known.  (See  chapter  on  CalctUcUion  of 
Bearings.)  The  clumsy  and  inaccurate  chain  formerly  used  in 
compass  surveying  is  being  gradually  replaced  by  the  steel 
chain-tape.     (See  remark,  p.  33.) 

The  objections  to  the  use  of  the  compass  are:  (1)  Under  the 
most  favorable  conditions  bearings  cannot  be  read  with  any 
degree  of  certainty  closer  than  five  or  ten  minutes.  (2)  The 
needle  is  unreliable,  and  under  certain  conditions,  as  for  exam* 
pie  in  city  surveying,  local  attraction  may  render  it  practically 
useless. 

The  advantages  are:  (1)  The  compass  is  light  and  portable; 
and  while  it  is  less  accurate  than  the  transit,  it  requires  much 
less  time  for  setting  up,  sighting,  and  reading.  (2)  An  error 
in  the  direction  of  one  line  does  not,  necessarily,  afTect  other 
lines  of  the  survey.  (3)  The  compass  is  especially  adapted  to 
running  straight  lines  through  woods  and  other  places  where 
obstacles  are  likely  to  interfere  with  the  line  of  sight.  Thus, 
for  example,  when  a  foresight  strikes  a  tree  the  instrument  may 
be  set  up  beyond  it  at  a  point,  found  by  trial,  such  that  the 
backsight  on  the  tree  will  have  the  same  bearing  as  the  fore- 
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sight.  (4)  Since  the  compass  was  the  instrument  in  general 
use  before  the  introduction  of  the  theodolite  and  the  transit, 
it  is  especially  adapted  to  retracing  old  surveys. 

366.  Use  of  the  Compass.  Practical  suggestions.  (1)  Set 
up  over  the  station  and  level  up.  If  the  instrument  is  fitted 
with  a  baU-spindle  only,  it  is  made  level  by  grasping  the  main 
plate  near  the  compass-box — ^not  near  the  sight-vanes — and 
moving  it  until  both  bubbles  come  to  position,  where  it  is  held 
by  friction  on  the  ball.  If  there  are  leveling-screws,  the  instru- 
ment is  made  approximately  level  on  the  ball  and  the  leveling 
perfected  by  the  leveling-screws. 

(2)  The  upright  sights  or  sight- vanes  are  usually  unlike.  For 
example,  the  one  nearer  the  north  point  of  the  compass-box 
may  have  graduations  marked  on  it  for  vertical  angles,  while 
that  at  the  south  end  is  not  graduated  but  has  attached  to  it 
two  little  revolving  disks  or  peep-holes.  If  there  is  a  counter 
for  keeping  tally  in  chaining,  it  is  usually  placed  on  the  plate 
near  the  south  sight.  Fix  in  mind  once  for  all  which  of  the 
two  uprights  is  the  south  sight,  so  as  to  tell  it  at  a  glance,  always 
keep  this  next  to  the  eye  in  sighting,  and  always  read  the  north 
end  of  the  needle,  as  explained  on  p.  102.  Use  a  magnifying- 
glass  in  reading,  and  look  along -the  axis  of  the  needle  to  avoid 
parallax.  Read  to  the  nearest  half-degree  and  estimate  to  the 
nearest  five  minutes.  It  is  good  practice  to  glance  at  the  sovih 
end  of  the  needle  as  a  check,  especially  if  one  moves  around 
the  instrument  to  take  the  reading,  for  in  changing  positions 
any  source  of  local  attraction  about  the  person  is  likely  to  be 
detected  by  the  corresponding  change  in  the  needle  reading. 

(3)  Protect  the  pivot  in  every  way  possible,  for  unless  the 
pivot  is  sharp  and  perfect  the  needle  may  be  sluggish  and  un- 
reliable. Hence  lift  the  needle  off  the  pivot  before  starting  to 
carry  the  compass  to  another  point,  and  keep  it  off  when  not 
in  use.  Avoid  excessive  vibrations,  after  setting  up,  by  turning 
the  main  plate  before  releasing  the  needle  until  the  latter  is 
nearly  in  the  magnetic  meridian;  the  same  result  wiU  be  ob- 
tained if  the  vibrations  are  checked  by  slightly  raising  the 
needle,  but  the  longer  the  needle  is  in  coming  to  rest  the  more 
accurate  will  be  its  final  position. 

(4)  Keep  sources  of  attraction  such  as  axes  and  chain-pins 
away  from  the  compass;  bits  of  steel  about  the  person,  such  as 

pocket-knives,  wire  in  a  hat  brim,  a  steel  suspender  buckle, 
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spectacle-cases,  sometimes  affect  the  needle.  The  glass  of  the 
compass-box  may  become  electrified  from  rubbing  it — wet  it 
with  the  finger  or  breathe  upon  it. 

(5)  If  the  needle  is  sluggish  it  may  need  to  be  remagnetized 
by  bringing  it  into  the  magnetic  field  of  an  electric  light  or  a 
dynamo.  In  doing  this  the  poles  may  be  reversed;  test  by 
putting  the  needle  back  on  its  pivot,  and  if  reversal  is  found 
put  the  needle  back  into  the  field  the  other  end  about.  A  more 
tedious  method  is  to  lay  the  needle  down  and  rub  each  end  from 
the  center  out  with  that  end  of  a  bar-magnet  which  attracts  the 
end  of  the  needle  that  is  being  rubbed.  In  passing  the  magnet 
back  from  end  to  center,  lift  it  some  distance  above  the  needle 
to  avoid  counteracting  the  rubbing. 

(6)  For  important  lines  take  duplicate  readings.  After  the 
first  reading,  disturb  the  needle  by  lifting  it  or  by  tapping  the 
box  gently,  and  see  if  it  comes  to  rest  at  the  same  reading  as 
before.  Another  way  is  to  turn  the  sights  off  the  point  sighted 
at  and  to  bring  them  back  again  to  check  the  original  reading; 
this  takes  more  time,  but  it  is  the. surest  check. 

(7)  To  guard  against  local  attraction  read  the  bearing  of  im- 
portant lines  at  two  different  points — usually  at  the  two  ends. 

(8)  When,  because  of  obstructions,  it  is  inconvenient  to  take 
the  bearing  of  a  line,  take  the  bearing  of  a  parallel  line,  estab- 
lished by  offsets  as  near  as  practicable  to  the  required  line. 

(9)  In  ordinary  work  make  sure  that  the  declination  arc  is 
set  at  zero.  When,  however,  it  is  desired  to  run  lines  by  true 
bearings  instead  of  by  magnetic  bearings,  set  off  the  declination 
a"rc  (Art.  185,  p.  124).  In  retracing  old  surveys  the  change  in 
the  declination  of  the  needle  may  be  ascertained  and  the  decli- 
nation arc  adjusted  so  that  the  lines  may  be  run  from  the  bear- 
ings given  by  the  original  surveyor.     (See  p.  298.) 

(10)  When  the  compass  is  put  away,  allow  the  needle  to 
swing  to  the  magnetic  meridian  and  then  lift  it — it  retains  its 
magnetic  strength  longer  in  this  position. 

367.  Compass  Surveying, — General  Method,  (a)  Refer- 
ence lines  corresponding  to  transit  lines,  Chapter  XII,  are  estab- 
lished and  the  length  and  bearing  of  each  ascertained.  (See  also 
Art.  188,  p.  125.) 

(6)  Where  to  run  lines.  The  suggestions  in  Art.  216,  p.  149, 
hold  good.  It  is  often  possible,  however,  to  make  co«v^^^^ 
lines  coincide  with  boundary-lines,  wtete  in  \.xa.xi^\\.  ^wxn^-^Vw^ 
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it  would  be  impossible.  When  this  can  be  dcme  it  saves  much 
imneoessary  work  (Art.  216  (o),  p.  160).  Avoid  choosing  sti^ 
tions  near  sources  of  local  attraction. 

(c)  Methods  of  locating  details.  The  methods  of  Chapter  XIII 
hold  good,  except  that  bearings  of  lines  are  read  in  place  of 
angles  in  those  methods  which  involve  angular  measurements. 
Because  of  the  inaccuracy  of  the  compass,  methods  involving 
linear  measurements  only  (p.  138)  are  used  even  more  than  in 
transit  surveying.  The  old  rule  that  ''when  distances  and 
direction  to  the  same  point  disagree  distances  govern "  is  more 
true  in  compass  surveying  than  in  transit  work. 

(d)  Prtutical  sti^estions,  (1)  Equipment  nearly  the  same  as 
given  in  Art.  204,  p.  145,  with  the  compass  in  place  of  the  tran> 
sit.  (2)  Referencing  stations  by  marks  on  trees,  etc.  See  Art. 
211,  p.  148.  (3)  Relation  between  office  and  field  work.  See 
Art.  215,  p.  149. 

368»  Detection  and  Elimination  of  Local  Attraction.  In 
this  article  the  term  local  attraction  is  used  in  its  strict  sense, 
and  does  not  include  the  deviation  of  the  needle  due  to  things 
about  the  person  or  to  other  avoidable  sources. 

(a)  Detection,  When  the  bearings  read  at  the  two  ends  of  a 
line  do  not  agree,  local  attraction  probably  exists  at  one  or  pos- 
sibly both  ends,  provided  the  compass  is  in  good  condition  and 
no  mistakes  are  made  in  observations.  To  ascertain  the  cor- 
rect bearing,  set  up  at  a  third  point  on  the  line,  and  see  with 
which  of  the  first  two  reeuiings  the  third  agrees.  If  it  agrees 
with  neither,  try  a  fourth  point,  and  so  on  until  two  readings 
do  agree. 

(6)  ElimincUion,  The  angle  formed  by  two  lines  can  be  cal- 
culated from  the  bearings  of  the  two  lines  regardless  of  local 
attraction,  provided  the  bearings  are  both  read  at  ihe  same 
station — i.e.,  where  the  lines  intersect.  This  fact  suggests  a 
method  of  eliminating  local  attraction  from  the  bearings  of  a 
number  of  connected  lines,  as  illustrated  below. 


Compafis  at 

Line 

Bearing 

Correction 

Corrected  bearj 

A 

AD 

N.  62°  40'  E. 

+  50' 

N.  63°  30'  E. 

AB 

S.  69'»    0'  E. 

+  50' 

S.  68°  10*  E. 

B 

BA 

N.  67°    O'W 

-1°10' 

N.  68°  10'  W. 

BC 

N.  41°    0'  E. 

-1°10' 

N.39°60'E. 

C 

CB 

8.  39»  50'  W. 

0 

CD 

N.57°    O'W. 

0 

/y 

VC 

S.  57°    O'E. 

0 

^^ 

DA 

S.  63*'30'W. 

0 
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lUutratum.  The  bearing  of  eaeh  line  ia  Fig.  368  (b)  waa  raad  at  both 
ends  of  the  line.  Glancing  down  the  resulta  in  the  third  c(diiinn  above, 
it  is  seen  that  in  only  one  case  (the 
line  CD)  do  the  bearings  agree. 
This  indicates  that  there  is  no  local 
attraction  at  eithf  r  C  or  D.  Hence 
the  bearing  of  X>^  =S.  63«30' W. 
must  be  correct.  But  at  A  the 
reading  is  N.  62<'  40'  £..  indicating 
an  error  of  +60'  due  to  local  at- 
traction at  -4  (  +  =  clockwise,  —  — 
counterclockwise).  Applying  this 
correction  to  the  erroneous  reading 
8. 69»  0'  E.  of  AB,  the  correct  bear- 
ing of  AB  is  S.  68«  10'  E.  But  the 
reading  at  B  is  N.  67°  10'  W.,  indi- 


Fio.  3W  (6). 


attraction.     Thus  local  attraction  may  be  eliminated  from  any  number  of 
connected  lines  provided  the  correct  bearing  of  one  line  is  known. 

Note.  When  the  bearing  of  not  even  one  line  can  be  taken  as  correct, 
assume,  for  temporary  purposes,  that  the  correction  at  some  one  station, 
say  the  first  station,  is  aero,  and  correct  all  the  other  bearings  aecoroingly 
by  the  method  just  illustrated.  It  will  usually  be  found  that  lor  a  nmn* 
ber  of  stations  the  correction  is  the  same.  It  is  therefore  pretty  sate  to 
assume  that  at  these  stations  no  local  attraction  eadsts,  ana  the  bearings 
may  again  be  corrected  on  this  assumption. 

369.  Field  Notes  and  Method  of  Procedure.  The  field 
notes  are  usually  kept  by  the  sketch  method  (p.  165).  Thus, 
for  example,  if  the  compass  had  been  used  in  the  survey  illus- 
trated on  p.  183,  the  bearing  would  be  recorded  along  each 
line  in  place  of  the  angle.  When  simply  the  bearings  of  a 
few  lines  are  taken  and  no  sketch  is  required,  the  notes  may  be 
tabulated  in  a  form  similar  to  Form  9 — a  modification  of  Form 
7,  p.  174.  Be  careful  to  record  whether  the  bearings  are  true 
or  magnetic. 

Form  9 


r 
Station 

D 
C 

Line 
DE 
DC 
CD 
CB 

Bearing 
5.1'20'e 
5.72'55'w 
N.72°55'E 
N.8'45'E 

Length 
229 J 

155.0' 

5!^ 

1^ 

B 

BC 
BA 

S.S"45iV 

87.3 

1 

A 

AB 

S22''J0'E 

107. & 

\ 
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Method  of  procedure.  Set  up  at  A,  took  the  bearing  of  AB, 
Set  up  at  J5,  took  the  back  bearing  of  AB,  i.e.,  the  bearing  BA, — 
found  that  it  checked  with  the*  forward  bearing.  Took  the  for- 
ward bearing  of  J5C,  and  moved  on  to  C,  While  this  was  being 
done  the  chainmen  measured  the  lines  between  stations.  Con- 
tinued the  work  by  taking  the  forward  and  back  bearing  at 
each  station,  as  indicated  in  the  notes. 

Remark.  The  first  column  is  onnecessary  and  may  be  omitted  provided 
it  is  understood  that  the  first  letter  of  a  une  is  the  station  at  which  the 
compass  stands  when  the  bearing  is  taken.  In  case  there  are  side  shots  for 
locating  details,  these  may  be  entered  in  the  tabulated  form  as  in  transit 
survejdng,  and  an  explanatory  sketch  made  on  the  right-hand  page — a 
method  resorted  to  sometimes  when  there  is  not  roam  on  the  sketch.  In 
compass  survejdng,  however,  details  are  usually  located  by  linear  meas- 
urements only,  and  these  should  be  put  directly  on  the  sketch  itself. 

If  the  methods  of  keeping  notes  for  transit  survej^  have  been  mastered, 
it  is  an  easy  matter  to  adapt  them  to  compass  surveys. 

370.  Sources  of  Error.  (1)  Local  attraction.  (2)  Errors  of 
observation.     (3)  Instrumental. 

The  first  source  of  error  is  annoying,  but  it  can  be  eliminated 
by  the  method  of  the  preceding  article.  The  second  includes 
errors  in  sighting  and  in  reading, — errors  from  this  source  can 
be  avoided  by  following  the  suggestions  in  Art.  366,  p.  294. 
The  chief  source  of  error  is  the  compass  itself.  Not  only  is  it 
difficult  to  read  the  needle  closely,  but  different  compasses  will 
often  give  different  bearings  for  the  same  line,  even  when  the 
instruments  seem  to  be  in  good  adjustment. 

lAmits  of  precision.  The  maximum  error  of  bearing  should 
not  exceed  ten  minutes  if  a  good  compass  graduated  to  half- 
degrees  is  used.  Since  1  in  57.3  corresponds  to  1°,  this  is 
equivalent  to  1  in  344.  If  the  bearing  is  correct  to  five  min- 
utes, which  is  as  close  as  the  compass  can  be  read  with  a  reason- 
able degree  of  certainty,  the  error  is  1  in  688.  This  is  much 
less  accurate  than  the  results  which  may  be  reasonably  expected 
in  measuring  distances  with  a  chain.  (See  p.  49.)  Of  course 
better  results  are  often  obtained  with  the  compass,  but  a  higher 
limit  of  error  should  not  be  required. 

Rerunning  Old  Surveys.  The  chief  use  of  the  compass,  in 
many  communities,  is  in  rerunning  former  surveys,  especially 
in  finding  boundaries  which  have  become  more  or  less  uncer- 
tain. The  original  surveys  were  made,  say,  from  40  to  100 
years  ago,  and  the  large  tree  or  the  pile  of  stones  which  once 
marked  a  comer  have  entirely  disappeared.  In  such  a  case 
t^e  surveyor  can  proceed  only  from  such  evidence  as  he  can 
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procure  by  examining  town  records,  and  by  searching  for 
existing  bounds.  If  the  owners  who  are  interested  will  not 
accept  his  results,  it  is  then  a  matter  for  the  courts.  The  sur- 
veyor cannot,  of  course,  settle  a  boundary  dispute,  though 
many  persons  seem  to  think  so.  He  can,  however,  give  expert 
testimony,  and  frequently  he  can  persuade  the  disputants  to 
accept  a  boimdary-line  which  he  has  run  out  without  resorting 
to  the  courts.* 

Assuming  that  the  lengths  and  bearings  of  the  boundaries 
are  known,  it  wijl  be  necessary  to  ascertain  the  change  in  the 
magnetic  declination  which  has  taken  place  since  the  original 
survey  was  made.  If  two  points  on  any  boundary-line  are 
still  preserved,  the  most  direct  method  is  to  sight  along  this 
line  and  to  change  the  declination  arc  until  the  bearing  agrees 
with  the  original.  When,  however,  only  one  point  on  a  bound- 
ary-Une  remains,  it  wdll  be  necessary  to  find  the  change  in 
magnetic  declination  in  some  other  way.  This  change  may 
often  be  calculated,  provided  the  date  of  the  original  survey  is 
known.t  When  tracing  deeds  in  town  records,  however,  it  is 
not  easy  to  know  when  one  has  gone  far  enough  back,  i.e.,  to 
be  sure  that  one  has  reached  the  owner  for  whom  the  original 
survey  was  made.  When  the  date  has  been  ascertained  and 
the  change  in  the  magnetic  declination  has  been  figured,  the 
declination  arc  should  be  adjusted  accordingly,  or,  if  there  is 
no  provision  for  this  adjustment,  proper  allowance  should  be 
made  in  the  bearing  of  each  line.  The  importance  of  dating  a 
map  and  of  giving  the  corresponding  magnetic  declination  is 
obvious. 

*  It  is  not  within  the  province  of  this  book  to  enter  upon  the  difficulties 
encountered  in  rerunning  old  surveys,  or  to  cite  cases  illustrating  the  exist- 
ing laws.  For  this  part  of  the  subject  the  student  is  referred  to  standard 
works  of  reference,  especially  to  a  Manual  of  Land  Surveying  by  F.  R. 
Hodgman,  Climax.  Mich.,  published  by  the  author. 

tWhen  there  is  no  local  record  of  the  change  in   magnetic   declination 

from  year  to  year,  it  may  often  be  obtained  from  the  **U.  S.     Declination 

Tables  and   Isogonic  Charts  for  1902"   by  L.  A.  Bauer,  published  by  the 

U.  S.  Government  (Coast  and  Geodetic  Survey).      This  volume  embraces 

x>me  8000  observations  on  magnetic  declinations  in  different  states. 


CHAPTER  XXV 

STADIA  SURVEYING 

Iir  this  ehapter  the  principles  of  stadia  surveying  are  explained,  for- 
mulas for  reducing  inclined  sights  to  horisontal  and  vertical  distances 
are  derived,  methods  of  determining  the  stadia  interval  and  of  graduating 
rods  are  given,  methods  of  procedure  in  field  work  are  outlined,  sources  <n 
error  are  pointed  out,  and  hmits  of  error  are  suggested. 


372.  Stadia,  Stadia-wires,  Stadia-rod.  The  stadia  method 
of  measuring  distances  *  consists  in  observing  how  much 
of  a  rod  held  at  one  end  of  a  line  appears  to  be  included  be- 
tween two  parallel  cross-hairs  (or  wires)  as  the  observer  looks 
through  a  telescope  at  the  other  end  of  the  line.  The  farther 
the  rod  from  the  telescope,  the  more  of  the  rod  will  be  included 
between  the  two  hairs.  Stadia-wires  in  the  telescope  of  the 
transit  or  the  level  are  horizontal,  one  above  and  one  below 
the  regular  horizontal  cross-hair.  In  some  telescopes  they  are 
G  fixed  distance  apart;  in  others  the  distance  can  be  changed, 
i.e.,  the  stadia-wires  are  adjustable.  Stadia-rods  are  usually 
from  four  to  six  inches  wide  and  from  one  half  to  three  quarters 
of  an  inch  thick.  There  are  many  patterns  in  use,  the  main 
object  being  to  secure  graduations  on  the  face  of  the  rod  which 
can  be  read  easily  at  a  distance  and  yet  be  fine  enough  to  indi- 
cate definitely  and  accurately  the  distance  of  the  rod  from  the 
stadia-wires.  Leveling-rods  are  often  used  as  stadia-rods.  The 
term  fitadia,  formerly  used  to  denote  the  rod,  is  now  used  to 
include  both  the  rod  and  the  wires;  it  also  stands  for  the  method 
itself:  thus,  for  example,  measuring  with  the  stadia,  i.e.,  rod 
and  wires,  and  measuring  by  the  stadia,  i.e.,  by  the  stadia 
method.  Telemeter  is  a  term  often  used  in  place  of  stadia. 
Tachymeter    is    sometimes  used  to  denote  a  transit  equipped 

with  stadia- wires,  vertical  circle,  and  telescope-level. 

-    — ■ —  I ■ — - 

*  Said  to  have  been  invented  in  1770  by  no  \eaa  a  taanthan  James  Watt. 
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373.  The  Principle  of  tlie  Stadia  is  based  on  the  geometric 
principle  that  in  two  similar  triangles  corresponding  sides  and 
altitudes  are  proportional.  In  practice  the  distance  of  a  Btadia<* 
rod  from  a  transit  or  a  level  is  found  by  observing  how  much  of 
the  rod  appears  to  be  exactly  included  betw^n  the  two  stadia^ 
wires  as  the  observer  looks  through  the  telescope.  For  exam- 
ple, if  at  100  feet  away  a  foot  of  the  rod  is  thus  included,  at  200 
feet  away  two  feet  of  the  rod  will  be  included,  at  300  feet  tktM 
feet,  and  so  on.  This  is  not,  however,  strictly  true,  for  a  con» 
8tant,  which  differs  slightly  for  different  telescopes,  must  be 
added  to  each  reading. 


Fia.  373  (a). 

(a)  Theory  involved.  Let  a  and  b  in  Fig.  373  (a)  represent  the 
position  of  the  upper  and  lower  stadia-wires.  Let  AB  he  the 
portion  of  a  stadia-rod  which  appears  to  be  exactly  included 
between  a  and  b.  Any  ray  of  light  from  A  which  passes  through 
F  will  become  parallel  to  the  axis  of  the  telescope  after  passing 
througa  the  lens.'*'  Since  all  rays  from  A  converge  at  a,  they 
may  be  treated  as  a  single  line  AFa'a,  Likewise  the  cone  of 
rays  from  B  gathered  by  the  lens  and  brought  to  a  focus  at  h 
may  be  considered  as  one  line  BFb'b. 

Let  a'  and  b'  be  the  points  where  the  oblique  rays  are  changed 
to  parallel  rays.  Let  c  be  the  distance  from  the  center  of  the 
instrument  to  the  center  of  the  object-glass — a  slightly  varia^ 
ble  quantity,  dependent  on  the  focusing.  Then  from  the  simi- 
lar triangles  a'F¥  and  AFB,  a'h'if:  :AB:S,  or  >S=  -^  X  4B. 
Since  a'6'(—a&)  is  the  interval  between  the  stadia-wires  (denoted 
by  t),  and  since  AB=R= the  rod -reading,  then  S  =  -rR.     The 

I       I      11    I    II 

*  From  the  theory  of  lenses  explained  in.  P«xt.  HI. 
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ratio  —  for  any  given  telescope  is  constant,  therefore  the  dis- 

tance  S  is  always  equal  to  the  rod -reading  multiplied  by  this 
ratio,  no  matter  where  the  rod  may  be  held.  But  the  distance 
usually  required  i^  the  distance  from  the  rod  to  the  center  of 
the  instrument.  This  distance  D=S+(c-\-f),  The  quantity 
(c+/)  for  all  practical  purposes  is  a  constant  C.  The  quan- 
tities c  and  /  may  be  found  with  much  greater  accuracy  than 
is  necessary,  as  follows:  (1)  Focus  on  a  point  100  ft.  or  more 
away.  (2)  Measure  from  the  center  of  the  object-glass  to  the 
center  of  the  instrument  to  find  c.  (3)  Measure  from  the  cen- 
ter of  the  object-glass  to  the  cross-hairs  to  find  /.  (Since  the 
cross-hairs  are  approximately  at  one  of  the  principal  foci  or  as 
far  behind  the  lens  as  the  other  principal  focus,  F  is  in  front 
of  the  lens.)*  (4)  Add  these  two  measurements  to  find  the 
total  correction  C.  Notice  that  the  constant  C,  once  deter- 
mined, is  the  same  for  all  readings;  it  is  not  twice  as  much  for 
200  ft.,  three  times  as  much  for  300  ft.,  and  so  on. 

(6)  Remark.  It  makes  little  difiference  whether  the  telescope  is  focused 
on  a  distant  point  or  on  a  point  a  few  feet  away,  since  the  extreme  i*&i>0e  of 
the  object-glass  slide  is  less  than  one  inch  for  the  average  telescope.  This 
extreme  variation  in  the  distance  c  may  be  ignored  when  it  is  considered 
that  stadia  readings  are  usually  taken  to  the  nearest  foot.  Moreover,  in 
changing  the  focus  from  say  100  ft.  to  the  longest  distance  ever  read,  the 
variation  is  only  a  very  small  fraction  of  an  inch. 

The  total  correction  C  varies  from  about  0.9  ft.  for  a  short  telescope  to 
about  2.5  ft.  for  the  telescope  of  an  18"  wye-level.  For  transit  work  it  is 
usually  close  enough  to  add  an  even  foot  to  each  reading. 

374.  To  Test  the  Stadia  Interval.  The  stadia-wires  in 
most  instruments  are  so  placed  that  -4  =  100;   hence  when  one 

foot  of  the  stadia-rod  is  intercepted  the  rod  is  (100-l-C)  feet  from 
the  center  of  the  instrument;  when  2  feet  of  the  rod  are  inter- 
cepted it  is  (200 +  C)  feet  away,  and  so  on.  The  stadia  interval 
and  the  value  of  C  (determined  as  explained  in  the  preceding  ar- 
ticle by  measuring  the  telescope)  may  both  be  tested  as  follows: 
Test.  Set  up  the  instrument  on  level  grouiid.  Hold  the  rod 
at  such  a  distance  away  that  the  stadia-wires  intercept  a  foot 
of  it.  Suppose  this  distance,  measured  with  the  tape,  is  101.2 
feet.  This  would  indicate  that  the  constant  C  is  1.2  feet.  To 
make  sure,  however,  hold  the  rod  so  that  two  feet  are  intercepted. 
The  distance  as  measured  should  be  201.2  (not  202.4).     If  three 

*From  the  theory  oi  lenses  explained  in  Part  HI. 
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feet  are  intercepted,  the  distance  as  measured  should  equal 
301.2.  A  series  of  such  observations  should  be  made  before 
beginning  any  important  work  with  the  stadia.     (See  p.  304.) 

375.  To  Adjust  the  Stadia-wires.  When  stadia-wires  are 
movable  they  may  be  adjusted  as  follows:  (1)  Set  two  targets 
on  a  leveling-rod  exactly  one  foot  apart,  and  hold  the  rod  at 
a  distance  of  (100  + C)  ft.  from  the  center  of  the  instrument. 

(2)  Sight  at  the  rod,  moving  the  telescope  up  or  down  with 
the  slow-motion  screw  until  the  middle  horizontal  hair  is  exactly 
half-way  between  the  two  targets.  (3)  Make  one  stadia -wire 
bisect  one  target  and  the  other  wire  bisect  the  other  target  by 
turning  the  screws  which  control  the  stadia-wires.  Watch  the 
middle  hair  to  see  that  it  does  not  move  off  the  middle  point, 
and  if  it  does  bring  it  back  again.  (4)  Hold  the  rod  at  (200  +  C) 
ft.  from  the  instrument,  and  test  each  stadia -wire  separately  to 
see  if  it  bisects  one  target  when  the  middle  hair  bisects  the 
other.  (5)  Test  both  hairs  at  the  same  time  by  setting  the 
targets  two  feet  apart.  (6)  Repeat  the  test  for  the  wires  at 
(400-fC)ft. 

Practical  auapestiona.  (1)  The  method  just  described  makes  the  stadia- 
wires  equal  aistanoes  from  the  middle  cross-hair.  This  is  not  essen- 
tial so  long  as  the  interval  between  the  stadia-wires  is  correct,  unless,  as 
is  sometimes  the  case,  distances  are  measured  by  observing  the  space 
included  between  one  stadia-wire  and  the  middle  cross-hair.  (2)  In  place 
of  the  regulation  targets  it  may  be  more  convenient  and  more  accurate  to 
make  targets  of  cardboard  having  well-defined  ink-lines  at  half-foot  inter- 
vals, or  three  separate  targets  to  be  fastened  to  the  rod  at  required  intervals. 

(3)  Notice  that  rods  may  be  constructed  and  stadia- wires  spaced  so  that 
units  other  than  feet  may  be  used,  as,  for  example,  units  in  the  metric 
system.  (4)  One  advantage  of  the  standard  interval  is  that  the  ordinary 
leveling-rod  may  be  used  as  a  stadia-rod  when  desired.  (5)  The  screws 
for  adjusting  the  stadia-wires  are  usually  two  capstan- headed  screws,  close 
to  the  four  screws  for  adjusting  the  cross-hair  ring.  (See  Adjustment  of 
Cross-hairs  in  the  chapter  on  Adjustments.)  (6)  The  middle  hair  should 
never  be  disturbed  in  adjusting  stadia-wires, — it  is  supposed  to  be  in  ad- 
justment. 

376.  Fixed  Stadia-wires.  For  the  most  accurate  work 
stadia-wires  should  be  non-adjustable.  Most  instruments  hav- 
ing fixed  stadia-wires  are  intended  to  be  used  with  standard 
rods  graduated  to  feet.  A  series  of  tests  will  often  show,  how- 
ever, that  though  the  maker  has  fixed  the  interval  -r=  100  with 

accuracy  sufficient  for  ordinary  work,  yet  in  order  to  obtain 
results  better  than  say  ^,  either  (1)  a  special  rod  must  be 
graduated  to  suit  the  instrument,  or  (2)  an  interval  factor  must 
be  used  for  correcting  readings. 


304  STADIA  SURVEYING 

(a)  To  gradtuxte  the  rod.  (1)  Establish  a  point  F  a  distanee 
C  in  front  of  the  instrument.  (2)  Measure  accurately  100  ft., 
200  ft.,  300  ft.,  and  400  ft.  from  this  point  F.  (3)  Hold  a  rod 
with  cardboard  targets  at  each  of  the  above  points  in  succes- 
sion, and  determine  as  accurately  as  possible  what  interval  on 
the  rod  corresponds  to  100  ft.  (4)  Lay  off  these  intervals  on 
the  rod  as  if  they  were  feet,  and  again  test  at  100  ftl,  200  ft., 
300  ft.,  and  400  ft.  (5)  When  the  intervals  are  correct,  the 
subdivisions  may  be  painted  on,  according  to  any  desired  pat- 
tern. 

(6)  The  interval  factor.  When  it  is  desired  to  use  a  rod  with 
standard  graduations,  and  the  fixed  stadia-wires  are  found  to 
be  slightly  in  error,  it  will  be  necessary  to  multiply  each  read- 
ing by  a  constant  factor  to  reduce  it  to  the  true  reading.  This 
interval  factor  may  be  determined  by  a  series  of  tests  similar 
to  that  given  for  graduating  the  rod. 

lUuatration.  Suppose  that  the  average  intercept  on  a  rod,  as  determined 
from  a  number  of  obeervationa  at  different  distances,  repeated  several 
ti:nes  is  1.0042  ft.,  then  all  distances  read  would  be  too  lon^  and  should  be 
reduced  by  dividing  by  1.0042.  If  the  distances  are  incLned,  this  must 
be  done  before  correcting  for  the  inclination.  If  the  interval  is  too  short, 
say  0.0081.  then  all  readings  are  divided  by  0.0081. 

(c)  Practical  attggeationa.  (1)  Fixed  stadia- wires  are  not  likely  to  be 
displaced,  and  for  this  reason  are  used  by  many  surveyors  in  preference 
to  adjustable  wires,  especially  where  results  better  than  ^ha  are  desired. 
The  adjustable  wires  are  apt  to  change  their  distance  apart  with  every 
ehange  of  te-nperature.  (2)  When  results  no  better  than  «i«  are  required 
it  usually  will  be  found  unnecessary  to  use  either  a  special  rod  or  an  inter« 
val  factor.  (3)  For  very  accurate  work  the  tests  for  graduating  a  rod  or 
for  determining  the  interval  factor  should  be  made  not  at  any  one  hour  ol 
the  day,  but  during  all  hours  of  field-work,  so  as  to  approximate  as  closely 
as  possible  to  the  average  conditions.  (See  p.  313.)  (4)  It  is  probably 
better  in  an  extended  survey  to  use  a  standard  rod  aiid  to  correct  readings 
by  the  interval  factor  than  to  use  special  graduations,  for  the  following 
reasons:  Subsequent  tests  of  intervals  can  be  made  without  repainting  or 
legraduating  the  rod;  rods  can  be  interchanged  amctng  transits  or  used 
with  new  transits;  rods  can  be  used  for  leveUng  without  computatioQ; 
leveling-rods  can  be  used  as  stadia-rods;  rods  can  be  used  by  observeni 
having  different  personal  equations. 

377.  Method  of  Reading  the  Rod.  The  reading  of  the  rod 
is  learned  more  easily  from  actual  practice  than  from  any 
printed  directions.  The  main  object  is  to  determine  as  accu* 
rately  as  possible  how  much  of  the  rod  is  included  between  the 
stadia-wires.  In  doing  this,  sight  at  a  point  on  the  rod  about 
as  far  above  the  ground  as  the  telescope  is  above  the  ground. 
Move  the  telescope  slightly  up  or  down  until  either  the  upper 
or  lower  stadia-wire  exactly  strikes  the  nearest  even-foot  mark 
an  the  rod,  and  then  observe  how  far  from  that  even-foot  mark 
^Iie  other  stadJa^wire  strikes.     The  graduatione  on  the  rod  ahoM 
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he  read  in  ierma  of  distance.  Thus  one  foot  on  the  rod  stands 
for  100  feet  in  distance,  i  of  a  foot  stands  for  20  feet,  ^  of  a 
foot  for  2  feet,  and  so  on.  Be  careful  not  to  mistake  the 
regular  horisontal  cross-hair  for  a  stadia-wire;  do  not  use  the 
former  at  all,  except  in  special  oases.  In  some  instruments  this 
danger  is  avoided  by  placing  the  stadia-wires  so  that  when  they 
are  visible  (in  focus)  the  regular  horizontal  hair  is  invisible,  and 
vice  versa. 

(a)  Common  mistakea.  (1)  To  read  between  the  stadia-wire  and  middle 
cross-hair,  thus  getting  half  the  correct  distance.  Avoided  by  habitually 
estimating  distances  by  eye,  and  thus  checking  the  stadia  reading  :  also 
by  purposely  reading  and  enterinp;  the  half-distauce  in  the  notes,  ana  then 
reading  and  entering  the  full  distance  independently.  (2)  Omitting  an 
even  hundred  feet  or  multiples  of  ten  feet,  as  189  ft.  in  place  of  289,  or 
129  in  place  of  139. 

Prcukice.  Before  beginning  the  regular  stadia  survey,  take  a  number 
of  si|[hts  varying  from  50  ft.  or  less  to  300  ft.  or  more,  and  check  each 
reading  by  measuriiig  with  a  tape. 

378.  Distance  and  Elevation  when  the  Line  of  Sight  is 
Inclined.  In  the  preceding  articles  it  has  been  assumed  that 
the  line  of  sight  in  each  case  has  been  nearly  horiaontal.  In 
hilly  country  it  is  necessary  to  incline  the  telescope.  For  such 
sights  two  corrections  are  involved:  (1)  If  the  line  of  sight  is 
inclined,  the  distance  obtained  will  correspond  to  the  distance 
found  by  measuring  on  a  slope,  and  this  distance  must  be  re- 
duced to  a  horizontal  distance.  (2)  If  the  rod  is  held  plumb 
(vertical),  as  it  usually  is,  it  is  not  perpendicular  to  the  line  of 
sight,  hence  more  of  the  rod  appears  to  be  included  between  the 
wires  than  would  appear  were  it  perpendicular  (out  of  plumb). 
This  false  reading  must  be  reduced  to  the  true  reading.  Both 
corrections  depend  upon  the  vertical  angle;  hence,  unless  the 
notes  are  plotted  in  the  field,  it  is  usually  sufficient  to  record 
the  vertical  angle  and  the  stadia  reading  as  it  actually  appears 
on  the  rod.  The  reductions  are  then  made  in  the  office  by  the 
use  of  tables  or  diagrams  or  slide-rule^  based  upon  the  formula 
derived  in  the  next  article.  It  will  also  appear  that  the  stadia 
method  is  useful  for  determining  elevations  by  trigonometric 
leveling. 

379.  Inclined  Readings.  In  Fig.  379,  let  the  line  of  sight 
be  inclined  at  an  angle  a.  If  the  rod  were  held  perpendicular 
to  the  line  of  sight  the  stadia  reading  6'e'  would  give  the  dis- 
tance Fm,  which,  when  added  to  the  constant  C,  would  be 
equal  to  the  distance  Bm,  This  could  be  reduced  to  the  re- 
quired distance  BE  by  multiply itv^  BmVji^  ^io%^.   '^xiXW.K's^^^aX* 
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practicable  to  incline  the  rod  until  it  is  perpendicular  to  the 
line  of  sight,  and  even  if  it  were  complications  would  arise  in 
getting  elevations,  hence  the  general  practice  is  to  hold  the  rod 
plumb.  This  introduces  another  error,  since  it  makes  the  read- 
ing  be  longer  than  the  true  reading  &V.    The  angle   Wm  is 


-  ~*e'    • 


^^— t_ 


Fio.  379. 

approximately  a  right  angle,  and  hmb'—aj  hence  he  cosa=6V 
(very  nearly).  In  other  words,  the  distance  actually  read  must 
be  multiplied  by  cos  a  to  get  Fm,    Hence 

J5m=C+Fm«=C+4-(6ecosa).       .    .    .     (1) 
But  BE^  Bm  cos  a,  hence 


BE—C  cosa+4-6eco8'a. 


(2) 


If  R  represents  the  actual  reading  l^^if  then  equation  (2) 
may  be  written: 

Horizontal  distance  : *BE  =  H=  R— R  sin^  a+C  cos  a.   .     (3) 

In  finding  elevations,  the  vertical  distance  Em  is  required.    Em = 
Bm  sin  a.     Substituting  the  value  of  Bm  from  equation  (1), 

Em=  F=4*e(cos  a  sin  a)-\-C  sin  a; 


and  remembering  that 
we  get 


cos  a  sin  a=  }  sin  2a 
Vertical  distance  :  7=  B  J  sin  2a+C  sin  a,    •    •    (4) 
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380.  The  Reduction  of  Inclined  Stadia   Readings.    In 

using  formulas  (3)  and  (4),  keep  in  mind  the  fact  that  C  cos  a 
is  practically  equal  to  C  for  any  vertical  angle  likely  to  occur 
in  practice,  and  that  C  sin  a  is  a  negligible  quantity.  The 
quantities  to  be  found  therefore  are  R  sin^  a  for  horizontal  dis- 
tances, and  R\  sin  2a  for  vertical  distances.  These  reductions 
are  usually  made  in  the  oflBlce,  although  it.  will  be  necessary 
occasionally  to  reduce  distances  in  the  field.  The  use  of  stadia 
reduction  tables  or  geometrical  diagrams  greatly  facilitates  the 
work.     (See  chapter  on  Working  up  Field  Notes,  Part  II.) 

381.  To  Measure  Horizontal  Distances  with  the  Stadia. 
(a)  On  level  ground.  Keeping  the  telescope  as  nearly  horizontal 
as  possible,  bring  one  of  the  stadia-wires  to  coincide  with  the 
nearest  even-foot  mark  on  the  rod,  and  read  the  other  wire  in 
terms  of  distance^  as  directed  on  p.  305. 

(6)  On  sloping  ground,  (1)  Sight  at  a  point  on  the  rod  about 
as  far  above  the  ground  as  the  telescope  is  above  the  ground. 
(2)  Bring  a  stadia-wire  on  the  nearest  foot-mark,  and  read  and 
record  the  distance  as  before.  (3)  Read  and  record  the  ver- 
tical angle  which  the  hne  of  sight  makes  with  the  horizontal. 
(4)  The  true  distance  may  be  reduced  in  the  oflfice  or  in  the 
field. 

(c)  Practical  tniQgestiona.  (1)  It  is  not  essential  to  make  one  wire  bisect 
an  even-foot  mark — it  merely  simplifies  reading  the  rod.  Clamp  the  tele- 
scope and  use  the  slow-motion  screw  when  the  stadia-wire  is  nearly  on  the 
mark.  (2)  When  the  distance  between  two  stations  is  too  great  for  accu- 
rate reading,  assume  a  point  about  midway  between  the  two,  read  the 
distance  to  this  point  from  each  station,  and  add  the  two  readings  The 
objection  to  this  method  is  that  no  check  on  the  total  distance  can  be  had 
by  two  readings,  one  from  each  end  of  the  line. 

(d)  Practical  question*.  {I)  How  accurately  can  distances  he  measured  f 
This  depends  upon  the  mag^nifying  power  of  the  telescope,  the  fineness  of 
the  stadia-wires,  the  graduations  on  the  rod,  the  atmospheric  conditions, 
and  the  length  of  sight. 

With  the  average  telescope  and  atmospheric  conditions  the  error  in  A 
300-ft.  sight  should  not  exceed  1.0  ft.  With  high-grade  instruments  and 
favorable  conditions,  sights  up  to  700  ft.  may  be  taken  with  an  average 
error  of  less  than  0.5  ^*-  or  y^.  Even  better  results  have  been  obtained. 
(See  also  Vtmits  of  Error,  p.  313.) 

(c)  H(flD  long  siphts  should  he  taken?  This  depends  not  only  on  the  con- 
ditions mentioned  above,  but  also  upon  the  accuracy  required  for  the 
work  in  hand.  In  ordinarv  work  best  results  are  obtained  when  the  lengtn 
of  sight  does  not  exceed  300  ft.  to  400  ft.  At  greater  distances  the  stadia- 
wires  will  appear  coarse  as  compared  with  the  rod  graduations,  ycca- 
sionally,  however,  when  the  map  is  to  be  plotted  to  small  scale  ana  tne 
limits  of  error  are  comparativelv  large,  very  much  longer  sights  may  oe 
taken — sights,  for  example,  of  2000  ft.  ,  ,  . 

(f)  When  may  vertical  angles  he  ignored  f  This  depends  upon  the  accu- 
racy required  for  the  work  in  hand.  The  longer  the  sight  the  greater  the 
absolute  but  not  the  relative  error.  The  following  table  gives  approxi- 
mate "WilTies  of  the  errors  which  will  result  for  sights  from  100ft.  to  500  ft.> 
if  vertical  angles  from  1°  to  6®  are  ignored. 
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100 

300 

300 

400 

500 

!• 

0.03 

0.06 

0.09 

0.13 

0.15 

20 

0.1 

0.2 

0.4 

O.ft 

0.6 

3» 

0.3 

0.5 

0.8 

1.1 

1.4 

4» 

0.5 

1.0 

1.5 

2.0 

2.5 

fi* 

0.8 

1.5 

2.3 

3.0 

3.8 

If.  for  example,  300  ft.  is  the  longest  sight  taken,  the  maximum  error 
involved  by  ignoring  angUs  of  3^  and  less  is  0.8,  while  for  a  500-foot  sisht 
it  is  1.4.  For  300-ft.  sights  and  under  the  maximum  error  involved  oy 
ignoring  an^es  up  to  5**  is  2.3  ft.  Hence  the  common  rule  that  in  ordf 
narv  stadia-work,  wheU  sii^ts  average  from  150  ft.  to  300  ft.,  vertical 
angles  up  to  3**  may  be  ignorea;  and  in  some  work  the  litnit  is  put  at  5^. 

382.  To  Obtain  Vertical  Distances  or  Elevations.  There 
are  two  methods, — one  is  used  when  the  elevation  of  one 
point  is  required  with  reference  to  another  point  very  near  the 
instrument y  as,  for  example,  the  station  under  the  plumb-bob; 
the  other  is  used  when  the  point  of  reference  is  not  near  the 
instrument,  as,  for  example,  some  bench-mark  too  far  away  for 
the  first  method  to  be  used.  The  two  methods  are  explained 
on  pp.  244  and  264;  they  differ  only  in  the  method  of  setting 
the  target  at  the  start. 

(a)  Reference^point  very  near  the  instrument.  (1)  Stand  the 
rod  up  beside  the  transit  with  its  base  on  a  level  with  the 
point  of  reference,  and  set  the  target  at  the  height  of  the 
supporting  axis,  or  opposite  the  center  of  the  object-glass  when 
the  telescope  is  level.  (2)  Hold  the  rod  on  the  point  of  re- 
quired elevation,  direct  the  telescope,  and  read  the  distance  as 
usual,  choosing  that  even-foot  mark  which  brings  the  middle 
hair  nearest  to  the  target  center.  (3)  Make  the  middle  hair 
exactly  bisect  the  target,  signal  to  the  rodman  to  move  to  the 
next  point,  read  and  record  the  vertical  angle.  (4)  The  eleva- 
tion may  be  reduced  in  the  field  or  in  the  office. 

(6)  Reference-point  not  near  the  instrument*  (1)  Clamp  the 
telescope  in  a  horizontal  position,  bringing  the  bubble  ex- 
actly to  the  center  by  the  slow-motion  screw.  (2)  Backsight 
on  the  bench-mark  or  point  of  reference,  setting  the  target  so 
that  it  is  bisected  by  the  middle  hair.  (3)  Without  disturbing 
the  target,  proceed  exactly  as  directed  in  the  preceding  para- 
graph. 

(c)  Practical  sitggeetion9.  Onoe  the  target  has  been  set,  any  number  of 
elevations  may  be  taken,  but  it  is  very  essential  to  state  definitely  in  the 
field-notes  what  point  is  taken  as  a  referenoe-point ;  otherwise  it  may  b« 
uncertain  which  of  the  two  methods  was  used. 

(d)  Practical  miestions.  How  accurately  can  elevatUnu  be  obtained  by  thit 
method?    This  depends  upon  the  accuracy  with  which  the  vertical  an|^ 

13  taken,  the  magnitude  of  that  angle,  the  accuracy  with  whiefa  th«  ia* 
dined  distance  to  the  rod  is  measiu^,  and  the  amount  of  that  distanot* 
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The  followinic  tables  give  the  errors  in  elevation  due  to  angular  errors  of 
2^,  6^  and  16'  for  100-ft.  sightn,  and  alflo  the  error  due  to  an  error  of  one 
foot  in  distance  for  different  angles.  Andes  of  1^  and  26^  are  taken  be- 
cause they  are  the  two  extremeH,  vertical  angles  rarely  exceeding  26**  in 
practice — 14*  is  approximately  half-way  between  the  two.  The  extreme 
error  in  vertical  angles  is  not  likely  to  exceed  16'. 

Errors  in  Elevation  per  100  ft.  Brrors  in  Elevation  due  to  an  Error 
due  to  Errors  of  2',  6\  and  16'  of  1  ft.  i  n  DLitanoe 

lo  140  26®  1<»  140  26° 

2r         0.06        0.06         0.04  0.017  0.235  0.394 

6'         0.18         0.16         O.U 
le*         0.47         0.41         0.29 

Notice  that  the  larger  the  an^le  the  leas  the  error  due  to  angular  error, 
and  the  greater  the  error  due  to  linear  error.  Thus  an  error  01  16'  results 
in  an  error  of  0.47  ft.  if  the  angle  is  1**,  while  it  is  only  0.29  f*.  if  the  angle 
is  26°.  On  the  other  hand,  an  error  of  one  foot  in  dL<^ance  causes  an 
error  of  only  0.017  ft.  if  the  angle  is  1°»  but  an  error  of  0.394  if  the  angle 
18  26°. 

As  vertical  angles  can  be  read  easily  to  within  V  and  distances  to  within 
0.5  ft.,  it  follows  that  for  a  100-ft.  sight  the  maximum  error  need  not 
exceed  from  0.2  ft.  to  0.3  ft.,  and  will  usually  be  less.  Thus,  for  errors  of 
2f  and  of  i  ft.,  the  total  error  for  a  1°  angde  is  0.06  +  0.009-0.060  ft., 
while  for  a  26°  angle  it  is  0.04  +  0. 197  =  0.237 Tt  (See  also  Limits  of  Error, 
p.  314.) 

(e)  How  chat  ahould  distances  and  vertical  angles  be  measuredt  If  the 
vertical  angle  is  estimated  to  the  nearest  15'  the  angular  error  will  not 
exceed  6'  or  7',  and  if  the  stadia  is  mtd  to  the  nearest  foot  the  linear 
error  will  not  exceed  ^  ft.  Henco  for  a  100-ft.  sight  the  total  error  of  ele-  j 
vation  due  to  errors  of  6'  and  ^  ft.  is  for  a  vertical  angle  of,  say,  14°.  0.16+  ■ 
0.118  =  0.28  ft.,  or  about  0.3  ft.;  for  26°  it  is  0.11+0.19  =  0.5  ft.  For 
errors  of  6'  and  1  ft.,  the  total  error  for  14°  is  0.16  +  0.236  =  0.39,  or  about 
0.4  ft.  For  a  300-ft.  sight  errors  of,  say,  6'  in  a  14°  angle  and  1  ft.  in  distance 
would  result  in  a  total  error  in  elevation  of  about  0.48 +  0.236 =0.72  ft. 

(/)  In  most  stadia  work,  especially  in  topographic  surveying,  elevations 
are  required  to  the  nearest  foot  only,  and  hence  for  such  work  U  is  not 
necessary  to  read  the  vernier  for  vertical  angles:  estimate  to  the  nearest  15', 
reading  directly  from  the  vertical  circle  itself .  Jtecui  distances  to  the  nearest 
foot,  it  is  seen  from  the  above  that  this  should  give  elevations,  as  a  rule, 
to  within  0.5  ft.     (See  also  Limits  of  Error,  p.  3 14.) 

383.  Stadia  Surveys  are  those  in  which  the  stadia  is  used 
for  linear  measurements  instead  of  the  chain  or  tape.  This  is 
the  only  difference.  The  same  methods  are  used  for  running 
transit  lines  (Chapter  XII)  and  for  locating  details  (Chapter 
XIII),  as  in  other  kinds  of  surveys,  and  the  suggestions  for 
choosing  stations,  running  transit  lines,  and  carrying  on  field- 
work  given  in  Chapter  XIV  hold  good.  Additional  suggestions 
pertinent  to  stadia  surveying  are  given  below. 

Practical  suggestions,  (1)  Always  read  the  distance  between  stations 
twice — once  when  the  transit  is  at  one  station,  a  second  time  when  the 
transit  has  been  moved  to  the  other  station.  Record  both  readings,  even 
if  they  agree,  (2)  Important  side  shots  may  be  checked  by  taking  a  half 
reading,  using  the  middle  hair  and  a  stadia-wire,  and  then  a  full  reading, 
using  the  two  stadia-wires.  Enter  both  readings  in  the  notes.  (3)  Since 
the  stadia  method  is  best  adapted  for  comparatively  rough  work,  and 
since  such  work  is  not  usually  done  in  the  city,  but  o\A%vii«&Va.\\aR«».  VSm^x^ 
local  attraction  is  not  so  likely  to  exifit,  tVie  aiivcawNXi  "casJCVx^'iLVsv*'^^^  '^^'^ 
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<gr  iMi^0i»  \^  jttuputrtitAct  {x«ut««  «uda  ««  tcauutat  lAAticaw.  Ik^  the  rud  ede^- 
w%««  Wiriir^i^  toe  tnuiMct^     (5)  Ke^  is  i9ui5»d  tiUe  liouiLc  of  error,  s&d  do 

i»««i^uJUujjuc  ^l»e  tnuMut,     (^)  Bead  tiae  Ft^dia  £m,  tbes  fiisual  to  iJbe 
txi^ujMM  i/i  u^jvtt  to  tlie  next  poict*  aad  read  tht  ratieal  ai2iile  viiik  Joe 

ZM'  Forms  of  Noles.  The  forms  of  notes  ^Tec  in  Cb^fyter 
XV'  UAay  f>e  naodifiod  esu^jr  to  f$uit  stadia  surve^ris^  The  jmit- 
eip^  addition  ii$  a  eolunm  for  vertical  an^^,  aod  f^Bqueuthr 
ariotb/er  Cf^lumn  for  eomeeted  distances.  Whai  efera-tSong  are 
iaVan,  cvolumris  are  aW  added  for  vertical  distances  axkd  elera- 
iiofM^  When  th<^»e  lai^t  two  eoltimns  and  tbe  correct^  dis- 
itiuc/m  are  computed  in  the  office,  the  values  mar  be  inserted 
In  red  i»k.  'ilie  form  of  notes  mil  depend  largely  upon  whether 
itio  a/Jmuih  meth^^d,  the  angle  method,  or  some  other  mediod 
iff  fUiUl'Work  iM  iise^i.  Some  of  the  forms  of  tabulating  notes 
tifii  glvtth  \Hthtw,  and  these  forms  i^ill  suggest  others.  The 
uoUtti  HUtpwn  are  those  on  the  left-hand  page  of  the  note-book, 
itml  \i  lf$  utuUtrnUHHl  that  these  are  supplemented  by  sketdies 
uiu\  t^%ip\ntniUtry  unUm  not  shown  here,  but  placed  on  the  c^ipo- 
^lUf  iHif^  In  iUti  iUM  book. 

Form  10 


line 
AD 


Aiimuth 


Stadia 
Distance 

286.0 

121.5 


Vertical  ^Corrected DJsfances 
Angle  fiorizonfal  Vertical 


279.8 
119.4 


624  76 

-1-41.81 

567.25 

'15.7 


(fn  tnhritrtitiUUiH,  Form  10  is  similar  to  Form  7,  p.  174. 
fi{llMt)b  (ItM  uuitin  lira  plotted  in  the  field  the  last  two  eolunms 
ll«My  l*M  WMikt^  up  in  the  office.  The  bearing  S.  50®  SO'  E. 
f.|«Hf4rt  ll»M  uiilHMith  r^O"*  28'  as  closely  as  the  needle  can  be 
♦  Hi^ii  ll»i«>  I  muring  was  recorded  l>ecau8e  AB  is  a  line  between 
j»(mMmh^,  un<l  U  i«  well  for  the  notes  to  indicate  that  the  aii'' 
\H\^iUi»  \it  inipMrUnt  lines,  «ucb  as  transit  hues,  were  checked  by 
^,(,(;!||^  iMi^flinitJ*.  'J  lib  azimuth  of  A2  may  have  beoi  diecked 
//h//  h^  i^lMlMJJng  4t  the  needle,  but  it  was  hardly  worth  whUe 
¥fl  fbif9  Immnfi^,  ft»  ^2  l*  a  »ide^hot. 
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The  elevation  of  the  bench-mark  from  which  the  rod  was  set 
(582.95  ft.,  see  Form  12)  should  be  entered  in  the  notes — on 
the  right-hand  page  if  there  is  no  place  for  it  on  the  left-hand 
page.  The  distance  286.0  appears  in  the  notes  only  once,  but 
if  the  notes  were  continued  to  include  those  taken  at  Sta.  B 
the  check  value  would  be  recorded  as  BA,  since  the  stadia 
reading  is  taken  from  B,  The  elevations  624.76  and  567.25  for 
B  and  2  respectively,  if  worked  out  in  the  office,  would  better  be 
entered  in  red  ink. 

Form  11 


r 


Angle 

DAB 
DAZ 


50'40' 
I06''06' 


Line 


AB 
AZ 


Stadia 
Distance 

286.0 
IZI.5 


Vertical 
Angle 


Corrected 
Distance 


279.8 
'7''.30\  119.4 


(6)  Interpretation,  This  form  is  the  preceding  form  modified 
to  suit  the  direct-angle  method  (pp.  120  and  154).  Vertical 
distances  are  not  shown  in  the  notes.  When  these  are  desired, 
another  column,  corresponding  to  the  last  column  in  the  pre- 
ceding form,  may  be  added;  space  for  this  column  may  be 
gained  by  omitting  the  third  column,  provided  it  is  understood 
that  the  last  two  letters  in  the  first  column  indicate  the  line 
measured. 

Form  12 


Sighfect 


Azimuth 


Vertical 
Angle 

Transit  at.Stqtiorj  A . 
held ot)  B.M .  No.Z4 


D 


S50^30'e 

izd^'as' 

I84''54' 


Distance 


Vertical 
Distance 


Elevation 


Target  \ef  for  rod 
Elei/afion  582.95 


279.8 
286.0 
119.4 
121.5 


+41.81 
-15.7 


624.76 
567  25 


\ 
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(c)  IrUerprekUion,  The  magnetic  bearing  is  entered  directly 
4kbove  the  corresponding  azimuth,  and  the  corrected  distance 
directly  above  the  stadia  distance.  This  leaves  the  last  two 
colimms  for  vertical  distances  and  elevations.  In  topographic 
surveying,  where  a  large  number  of  side  shots  are  taken  in 
locating  contours,  this  is  an  excellent  form.  The  station  occu* 
pied  and  the  elevation  of  the  reference-point  are  carefully  noted 
at  the  head  of  the  page.  A  sketch  is  put  on  the  opposite  page 
with  points  numbered  (usually  in  the  order  in  which  the  side 
shots  are  taken),  and  the  names  of  party,  explanatory  notes, 
and  all  data  which  may  be  of  future  use  complete  the  notes. 

As  a  ruhf  the  azimuth  to  some  transit  station  will  he  the  fir^ 
entry  after  setting  up.     (Why?    See  precautions,  p.  152.) 

(d)  Sketches,  The  sketches  are  fully  as  important  in  stadia 
surveying  as  in  other  kinds  of  surveying,  because,  as  a  rule, 
the  stadia  is  used  when  a  large  number  of  points  are  located 
from  each  station,  and  the  relative  position  of  chese  points 
should  be  clearly  shown.  Suggestions  for  making  sketches  have 
been  given  on  p.  167.  In  some  kinds  of  work,  notably  topo- 
graphic surveying,  notes  are  often  plotted  in  the  field  (p.  347). 

385.  Sources  of  Error  in  Stadia  Surveying.  In  addition 
to  the  errors  of  ordinary  transit  work  (Chapter  X),  stadia-work 
is  subject  to  many  of  the  errors  discussed  in  connection  'with 
leveling  (Chapter  XXII).  For  example,  it  is  important  that 
the  rod  should  be  plumb,  that  the  rod  and  wires  should  be  in 
focus,  and  that  the  rod  should  be  correctly  graduated.  The 
errors  discussed  here  are  those  peculiar  to  stadia-work. 

1 .  Error  due  to  change  in  the  wire  interval.  Best  avoided  by 
Jiaving  fixed  stadia- wires,  which  are  not  affected  by  changes  of 

temperature  and  are  not  easily  displaced. 

2.  Mistakes  or  blunders  in  reading  the  rod.  Avoided  by  esti- 
mating the  distance  by  eye;  by  taking  a  half -reading  and  then 
a  full  reading;  and  by  reading  from  each  end  of  a  traverse  line.  • 

3.  Error  in  estimating  the  space  on  the  rod  intercepted  by  the 
stadia-wires.  This  error  is  affected  by  the  magnifying  power  of 
the  telescope,  the  fineness  of  the  staaia-wires,  the  character  of 
the  rod  graduations,  the  length  of  sight,  and  atmospheric  con- 
ditions. For  very  long  sights  a  rod  with  two  targets  will  re- 
duce the  error;    for  short  sights  a  rod  without  targets  is  better. 

4.  Error  in  determining  the  stadia  interval.  This  is  one  of  the 
most  important  sources  of  error  because  it  is  cumulative.  As 
shown  in  the  next  paragraph,  atmospheric  conditions  affect  the 
accuracy  with  which  the  stadia  inter\^al  may  be  determined. 

5.  Jiefraction.     Mr.  L.  W.  Smith  of  the  University  of  Wiscon- 
haa  shown    tb^t   "differential   xeixa^iWQiv"-  ^.^^  >Maac^jjjal 
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refraction  due  to  varying  densities  in  different  strata  of 
air)  is  a  source  of  cumulative  error  in  stadia  -  work.* 
The  stratum  of  air  within  three  or  four  feet  of  the  ground 
is  of  greater  density  than  the  air  above.  Between  the 
hours  of  7.00  a.m.  and  9.00  a.m.,  and  between  the  hours  of 
2.30  P.M.  and  7.00  p.m.,  this  difference  in  density  is  compara- 
tively slight,  and  does  not  seriously  affect  stadia  readings  ;  but 
during  the  midday  hours  of  from  9.00  a.m.  to  2.30  p.m.  the  den- 
sity of  the  lower  stratum  is  increased  upward  by  the  radiation 
of  the  earth's  heat.  The  depth  of  this  stratum  varies  for  dif- 
ferent hours  and  seasons,  but  is  never  over  four  feet.  A  ray 
of  light  above  this  stratum  is  not  greatly  affected,  but  a  ray  of 
light  passing  through  it  is  bent  upward.  Hence  the  space  on  a 
rod  included  between  the  upper  and  lower  rays  is  less  at  noon 
than  in  the  morning,  and  the  error  is  enough  to  seriously  affect 
stadia-work  where  results  of,  say,  y^  or  better  are  desired. 
Hence  the  following: 

Practical  conclusions,  (1 )  A  stadia  interval  determined  dur- 
ing midday  hours  will  give  distances  too  long  when  these  dis- 
tances are  read  during  early  or  late  hours,  and,  vice  versa,  if  the 
interval  is  determined  during  early  or  late  hours  of  the  day, 
distances  read  during  midday  hours  will  be  too  short.  (Why?) 
Hence  do  not  attempt  accurate  work  during  hours  which  do  not 
correspond  to  your  interval  determination..  (2)  If  work  is  to 
be  carried  on  all  day,  determine  the  stadia  interval  by  tests 
made  at  different  hours  throughout  the  day.  (3)  During  mid- 
day hours  do  not  take  sights  which  require  the  line  of  sight  to 
pass  nearer  than  3  ft.  to  the  ground, — for  long  sights  use  a  half- 
reading  on  the  upper  portion  of  the  rod. 

386*  Limits  of  Error.  Two  questions  arise  in  discussing 
limits  of  error  in  stadia  surveying,  viz.:  (1)  With  what  degree 
of  precision  can  a  single  horizontal  distance  be  measured  or  a 
single  difference  in  elevation  be  fOund?  (2)  What  error  may 
be  expected  in  running  long  lines  where  the  errors  from  different 
set-ups  are  likely  to  be  compensating? 

(a)  Errors  of  separate  horizontal  measurements.  From  a  series 
of  tests  by  125  of  the  author's  students  it  would  appear  that 
the  probable  error  of  sighting  is  not  likely  to  exceed  one  foot 
up  to  a  distance  of  400  ft.  The  mean  of  ten  probable  errors 
^f  a  single  observation  for  each  of  four  distances  is  given  below. 
Each  probable  error  was  found  from  at  least  25  readings  by 
different  students,  several  transits  being  used.  The  mean  of 
the  probable  errors  involves  therefore  approximately  250  read- 
ings for  each  distance.f 

*  See  Eng.  News,  June  6,  1895. 

t  See  a  paper  by  the  author  on  "Some  Tests    in  Sightva'it  ^^  Vi^n^Mv^^^ 
roos    and    Stadia-rods,"  Proceedings*  of  Connecticut   Socid'u    o\  CwX  "Eroi- 
ffmeers,  1907;  also  Engineering  News.  Marcb.2V»  l^Ql, 
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Distance 90-125  ft.   185-210  ft.   285-300  ft.   41&-435  ft. 

Mean  of  probable  errors...       0.51ft.        0.72  ft.         0.83  ft.         0.93  ft. 

These  results  do  not  indicate  the  discrepancies  to  be  expected 
between  tape  measurements  and  stadia  measurements,  since 
such  discrepancies  will  involve  constant  errors,  which  are  not 
involved  in  the  mere  act  of  reading  the  rod,  such,  for  example 
as  errors  in  the  wire  interval  and  errors  in  rod  graduations.  In 
order,  therefore,  to  determine  what  the  discrepancies  really 
were,  each  of  the  distances  was  measured  with  a  tape.  Each 
quantity  in  the  following  table  is  the  mean  of  approximately 
50  discrepancies,  i.e.,  the  readings  of  approximately  50  students 
at  each  transit  and  for  each  distance  were  compared  with  the 
tape  measurement  for  that  distance  and  the  mean  of  the  50 
discrepancies  entered  in  the  table. 

Mean  Discrepancies  between  Stadia  and  Tape  Measure  ments 

Distance 90-125  185-210  285-300  415-435 

Transit  No.  1 0.58  0.66  1.37  1.77 

*•    2 0.65  1.30  1.09  1.30 

••    3 0.57  0.65  0.73  1.87 

••    4 0.44  0.63  0.93  0.99 

Mean 0.56  0.81  1.03  1.48 

Minimum 0.44  0.63  0.73  0.99 

Maximum 0.65  1.30  1.37  1.87 

The  above  results  were  obtained  under  unfavorable  con- 
ditions. 

With  reasonable  care  the  discrepancies  in  practice  should 
rarely  exceed  the  mean  discrepancies  of  0.5,  0.8,  1.0,  and  1.5  ft. 
respectively,  and  will  frequently  be  less  than  the  minimum 
values  of  0.4,  0.6,  0.7,  and  1.0  ft. 

(6)  The  error  in  a  single  difference  of  elevation  is  due  to  two 
principal  errors,  viz.,  (1)  the  error  in  the  stadia  distance  and 
(2)  the  error  in  the  vertical  angle.  The  error  in  the  vertical 
angle  seldom  exceeds  5'  of  arc,  and  if  necessary  it  can  easily 
be  reduced  to  less  than  one  minute.  The  mean  discrepancy  in 
distance  may  be  taken  from  the  preceding  table  as  0.6  ft.  for 
a  100-ft.  sight,  1.0  ft.  for  a  300-ft.  sight,  and  1.5  ft.  for  a  400-ft. 
sight.  The  total  errors  given  below  are  based  on  these  di»- 
crepancies,  combined  with  errors  in  vertical  angles  of  1'  and 
5'  respectively. 

S**  5'»  10»  15**  25« 

Distance.  1'  5'  1'  5'  1'  5'  1'  5'  V      5' 

100±0.6  .05  .15  .08  .20  .15  .25  .20  .25  .25     .35 

300±1.0  .15  Ab  .20  .55  .25  .60  .35  .70  .50     .80 

400±1.6  .20  .60  .25  .75  .  .35  .85  .45  .90  .70  1.06 
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The  above  results  indicate  the  m(x:dmum  errors  likely  to  occur 
in  ordinary  work  with  an  instrument  in  good  adjustment. 

(c)  Lmits  of  error  for  a  series  of  lines.  The  accuracy  with 
which  a  single  horizontal  distance  may  be  measured  and  a 
single  elevation  obtained  by  stadia  methods  has  been  indicated 
above.  Since  a  stadia  traverse  is  a  combination  of  many  meas- 
urements, and  since  most  errors  of  stadia  work  are  compensat- 
ing, the  total  error  may  be  expected  to  vary  about  as  the  square 
root  of  the  length  of  the  traverse  (p.  45).  For  ordinary  worI[ 
the  total  error  in  feet  should  not  exceed  0,04^/D  (in  which  D=3 
total  distance  in  feet),  and  with  proper  precautions,  such  as 
those  indicated  in  the  last  article,  this  limit  can  be  greatly  de- 
creased. Smith,  in  his  experiments  measuring  a  base-line 
nearly  a  mile  and  a  half  long,  got  as  the  average  error  of  13 
measurements  jAtf»  these  measurements  being  taken  under  or- 
dinary field  conditions  and  at  different  hours  of  the  day.  The 
average  error  of  five  afternoon  measurements  was  as  low  as  j^tz- 

Nale.  The  error  of  closure  depends  upon  aneular  as  well  as  linear 
measurements  (p.  160),  so  that  results  are  not  purely  those  of  stadia- work. 
A  very  complete  comparison  of  stadia  and  base-line  work  is  given  in  the 
Engineering  News,  June  2S,  1900,  in  an  articleon  the  surveys  of  the  Oswego- 
Mohawk  Ship  Canal  Route.  The  total  errors  of  stadia  measurements  as 
compared  with  those  made  with  the  steel  tape  are  given  for  varying  dis- 
tances. By  selecting  dififerent  distances  and  using  the  correHponding 
results  as  given  in  that  article,  one  can  obtain  different  ratios  of  precision. 
Thus  for  one  distance  of  2000  ft.,  selected  at  random,  a  ratio  of  sk&o  is 
obtained,  while  for  another  distance  of  29  580  ft.  the  ratio  is  founcf  to  be 
n^O'  These  ratios  were  calculated  from  the  discrepancies  between  stadia 
measurements  and  tape  measurements  of  the  same  line.s.  The  discrepan- 
oies  in  elevation  found  by  comparing  stadia  elevations  with  those  ob- 
tain-? 1  with  the  spirit-level  were  0.04  ft  for  the  2000  ft.,  and  0.49  ft.  for 
the  29  580  ft.  It  is  to  be  noted  that  the  ground  covered  was  very  favor- 
able for  leveling  operations. 

Limits  of  error  for  given  conditions  may  be  determined  after  a  short 
time  in  the  field,  and  this  is  the  best  course  to  pursue  if  the  survey  is  ex- 
tensive enough  to  warrant  it. 

387.  Practical  Suggestions, — Summary. 

1.  Determine  the  constant  C=c+f  and  do  not  forget  to  adi 
it  to  each  reading. 

2.  Adjust  the  stadia-wires  before  beginning  a  survey.  If  fixed 
wires  are  used,  see  that  the  rod  is  graduated  to  correspond,  or 
else  determine  an  interval  factor.  Slight  errors  in  the  rod  may 
be  ignored  in  rough  work. 

3.  As  a  rule,  sight  at  a  point  about  as  far  from  the  bottom 
of  the  rod  as  the  telescope  is  above  the  ground,  and  then  bring 
either  the  upper  or  lower  wire  to  coincide  with  an  even-foot 
mark.  When  the  stadia-wires  are  coarse,  lower  the  telescope 
until  the  even-foot  mark  can  juat  be  Been  onct  otv«&  ^*vc^  ^^\A'^<i'^ 
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look  just  above  the  other  wire,  thus  getting  the  distanoe  more 
exactly  than  if  the  marks  were  entirely  covered  by  the  wires. 

4.  In  reading  the  rod  do  not  mistake  the  middle  hair  for  a 
stadia-wire  ;  do  not  omit  even  himdred  feet  or  multiples  of  ten 
feet — as,  for  example,  189  in  place  of  289,  and  129  in  place  of  139. 
Form  the  habit  of  estimating  distances  by  eye  to  guard  against 
mistakes  of  an  even  100  ft.  and  the  mistake  of  reading  the 
middle  cross-hair. 

5.  The  best  results  for  single  sights  are  obtained  when  the 
distanoe  does  not  exceed  300  ft.  When  the  total  length  of  a 
line  is  found  by  adding  a  number  of  readings  together,  com- 
pensating errors  affect  the  result,  and  longer  sights  are  often 
better. 

6.  When  the  distance  between  two  stations  is  too  great  for  a 
single  sight,  assume  a  point  about  midway  between,  read  the 
distance  to  this  point  from  each  station,  and  add  the  two  read- 
ings.    (What  is  the  chief  objection  to  this  method?) 

7.  When  only  a  small  portion  of  the  rod  can  be  seen,  take  a 
half-reading  and  multiply  by  two.  This  cannot  be  done  unless 
the  middle  hair  is  half-way  between  the  other  two. 

8.  Do  not  forget  to  read  and  record  the  vertical  angle  when 
the  line  of  sight  is  inclined  more  than  from  3**  to  5°, 

9.  Make  it  a  rule  to  read  distances  between  stations  tioice, 
once  from  each  station,  and  enter  both  readings  in  the  notes. 

10.  Important  side-shots  may  be  checked  by  taking  a  half- 
reading  and  then  a  whole  reading.  If  the  middle  hair  is  not 
half-way  between  the  other  two,  take  three  readings,  two  of 
which  added  together  should  equal  the  third. 

When  Elevations  arb  Required 

11.  Assuming  that  the  target  has  been  set,  either  by  holding 
the  rod  beside  the  supporting  axis  of  the  telescope  or  by  back- 
sighting  on  some  point  of  known  elevation,  observe  the  follow- 
ing order  of  procedure:  (1)  Read  the  distance.  (2)  Bring  the 
middle  hair  to  the  target  center.  (3)  Signal  the  rodman  to 
move  to  the  next  point  to  be  taken.  (4)  Read  the  vertical 
angle. 

12.  Do  not  forget  to  make  the  field-notes  very  clear  as  to  the 
point  of  reference  for  all  elevations  taken  at  a  given  set-up. 

JS.  Id  obtaining  elevations  the  longer  the  sight  the  more  care- 
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fully  the  vertical  angle  should  be  read.  The  larger  this  ver- 
tical angle,  the  less  important  are  small  angular  errors  and  the 
more  important  are  small  errors  in  distance.  In  work  where 
elevations  are  required  to  0.5  ft.  and  the  lengths  of  sight  do  not 
exceed  200  or  300  ft.,  read  the  distance  to  the  nearest  foot,  and 
the  vertical  angle  to  the  nearest  fifteen  minutes  without  using 
the  vernier. 

14.  Any  error  in  the  adjustment  of  the  telescope  level-bubble 
affects  materially  the  measurement  of  vertical  angles ;  hence 
special  attention  should  be  paid  to  this  adjustment  when 
elevations  are  required. 

15.  Finally,  in  all  stadia^work  keep  the  limits  of  error  in  mind, 
and  do  not  waste  time  on  needless  refinements  in  setting  up^ 
leveling  up  and  manipulating  the  transit. 


CHAPTER  XXVI 
PLANE-TABLE  SURVEYING 

In  this  chapter  five  methods  of  plane-table  surve^dng  are  explained, 
practical  suggestions  for  the  use  of  each  method  are  given,  and  the  d^er- 
ent  methods  are  compared.  General  suggestions  for  the  use  of  the  plane- 
table  are  made,  practical  questions  of  field  work  are  discussed,  and  four 
methods  of  solving  the  * 'three-point  problem"  are  explained. 


388.  The  Plane-table  consists  of  two  parts  :  (1)  the  table  or 
board  supported  by  a  tripod,  and  (2)  the  alidade  with  telescope 
attached.  The  edge  of  the  alidade  and  the  axis  of  the  telescope 
are  parallel. 

The  traverse-board  is  a  rough  form  of  plane-table,  with  upright 
peep-sights  in  place  of  the  telescope. 

389.  Plane-table  Surveying  is  peculiar  in  this  respect — the 
field  work  and  the  plotting  are  carried  on  simultaneously.  The 
board,  with  drawing-paper  stretched  upon  it,  is  brought  into  a 
horizontal  plane  and  kept  there.  The  alidade,  resting  on  the 
board,  may  be  moved  from  place  to  place  on  the  paper.  When 
the  telescope  is.  pointed  to  any  object,  the  direction  of  the  line 
of  sight  is  transferred  to  the  paper  by  drawing  a  line  along  the 
edge  of  the  alidade.  Linear  measurements,  obtained  by  chain- 
ing or  by  the  stadia,  are  laid  off  to  any  desired  scale.  Thus,  as 
the  field  work  progresses,  it  is  reproduced  in  map  form  on  the 
board  of  the  plane-table,  step  by  step,  without  the  use  of  other 
instruments,  and  often  without  any  direct  measurements,  an- 
gular or  linear. 

The  plane-table  is  not  intended  for  extremely  accurate  work, 
yet  surprisingly  good  results  may  be  obtained  with  it.  It  is 
especially  useful  for  plotting  indefinite  details,  such  as  roads, 
streams,  and  edges  of  woods,  while  at  the  same  time  more 
definite  details,  such  as  buildings,  bridges,  and  fences,  can  be 
located  accurately  enough  for  most  purposes.    Thus  many  sur- 
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veys  may  be  made-wholly  with  the  plane-table,  as,  for  example, 
surveys  of  parks  and  private  estates,  but  its  chief  use  is  for 
filling  in  the  details  and  contour-lines  of  large  topographic  sur- 
veys where  the  primary  stations  have  been  established  with 
the  transit. 

Advantages  of  the  plane-table  method,  (1)  It  dispenses  with  all 
field-notes  (since  the  survey  is  plotted  as  fast  as  it  progresses), 
and  hence  mistakes  in  recording  measurements  are  avoided. 
(2)  Since  the  map  is  made  in  the  field,  with  the  area  surveyed 
in  plain  view,  it  is  easy  to  see  what  data  are  necessary  and  whether 
or  not  any  have  been  omitted  which  should  be  obtained.  (3)  By 
means  of  check-lines  (p.  325)  errors  in  measurements  or  in  plot- 
ting are  readily  detected.  (4)  Inaccessible  points  are  easily 
located  without  trigonometric  calculation  (p.  325).  (5)  The 
position  of  a  point  with  respect  to  three  known  points  may  be 
quickly  determined  (Method  7,  p.  4,  three-point  problem). 
(6)  More  ground  can  be  covered  in  a  given  time  than  by  almost 
any  other  method, — and  with  reasonable  accuracy. 

*'The  special  advantages  of  the  plane-table  as  a  mapping  instrument 
are  due  to  the  rapidity  with  which  it  obtainn  results  by  the  method  of 
graphic  triangulation  and  to  the  facility  it  affords  the  topog^rapher  in  de- 
term  ining  his  position  at  an  unknown  point  by  the  grapmo  solution  of 
the  three-point  problem. 

When  the  latter  method  is  applicable — that  is,  when  the  country  is 
open  and  signals  can  be  easily  seen — its  superiority  over  a  system  of 
traverse  Hnes  is  manifest.  The  topographer  is  then  at  liberty  to  chooee 
his  ground  without  reference  to  his  last  station  or  to  the  one  succeeding.  He 
is  not  tied  down  to  a  backsight  nor  restricted  by  the  conditions  imposed 
by  a  foresight.  He  need  not  set  up  liis  instrument  on  an  area  barren  of 
detail,  nor  cut  his  way  through  obstacles  (bushes,  hedges,  trees)  to  estab- 
lish a  station  at  a  conunanding  point  of  view."  (WainwrigfU  in  A  Plan&- 
takle  ManvaL.) 

Disadvantages,  (1)  The  plane-table  is  cumbers6me,  awk- 
ward to  carry,  and  requires  many  accessories  for  plotting. 
(2)  Under  certain  conditions  of  climate  and  weather,  the  work 
of  plotting  is  disagreeable  if  not  impossible.  (3)  Angles  are  not 
recorded  in  degrees,  hence  are  of  little  value  for  the  calculation 
of  areas  or  for  other  office  computations.  Areas  may  be  deter- 
mined by  the  planimeter  from  a  plano-table  map,  but  ordinarily 
the  plane-table  is  not  used  for  ascertaining  areas. 

390.  To  Set  Up  the  Plane-table.    Two  things  are  aimed  at: 
(1)  to  get  the  board  level;  (2)  to  get  some  point  on  the  board 
over  a  corresponding  point  on  the  ground  and,  at  the  same  time 
to  have  the  board  properly  oriented. 

(1)  To  get  the  hoard  level.    Set  the  tripod  w^^\OT«Si».\^Nss*^^ 
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to  start  with,  two  legs  down-hill.  (See  hints  for  manipulating 
tripod,  p.  88.)  If  the  plane-table  has  levelingHScrews,  they  are 
worked  like  those  on  the  transit.  (See  p.  88.)  When  there  are 
only  three  screws,  one  may  be  turned  withoxit  turning  either  of 
the  others — an  advantage  especially  when  the  board  is  approx- 
imately level.  When  the  table  has  a  cup-joint  (ball  and  socket), 
it  is  leveled  by  moving  the  board  with  the  hands;  when  it  is 
nearly  level  it  may  be  moved  slightly  by  tapping  with  the 
finger.  During  the  process  a  level-bulb  rests  on  the  board; 
it  is  placed  parallel  first  to  one  edge  of  the  board  and  then  to  a 
second  edge  at  right  angles,  occupying  alternately  these  two 
positions  until  the  two  edges  of  the  board  are  both  horizontal. 

(2)  It  is  a  httle  difficult  (though  not  so  difficult  as  it  is  some- 
times represented  to  be)  to  set  up  a  plane-table  so  that,  after 
it  is  oriented,  a  point  on  the  map  representing  the  position  of 
the  plane-table  shall  be  exactly  over  \he  corresponding  point 
on  the  ground,  unless  the  point  on  the  map  happens  to  be  over 
the  axis  upon  which  the  board  revolves.  In  most  work  accu- 
racy in  this  respect  is  not  essential.  By  alternately  orienting 
and  shifting  the  table  one  can  ordinarily  in  two  or  three  trials 
get  the  position  near  enough  for  all  practical  purposes.  A  de- 
vice for  suspending  the  plumb-bob  from  any  point  on  the  board 
is  usually  furnished  with  the  instrument. 

PracUoal  mgge^ionM,  (1)  First  get  the  table  approsimately  levd, 
orienting  it  roughly  by  eye,  or,  better  still,  by  the  eompctss;  then  pick  it 
up  and  move  it  bodily  over  the  station.  (2)  The  tendency  is  to  set  the 
board  too  high — ^bring  it  a  little  below  the  elbow,  low  enough  so  that  all 
parts  of  the  board  may  be  reached  easily,  and  yet  Ugh  enough  so  that 
sights  may  be  taken  with  comfort.  (3)  How  close  must  the  point  <mi 
the  table  be  over  the  point  on  the  ground?  The  answer  depends  upon 
the  limit  of  error  adopted  and  the  scale  of  the  map.  (See  p.  106.)  Thus, 
for  example,  a  displacement  of  one  inch  would  cause  an  angular  error  for 
a  500-ft.  sight  of  only  about  30  seeonds. 

In  the  greater  part  of  plane-table  work  the  scale  is  so  small  that  the 
whole  board  may  be  considered  as  a  point. 

391.  Five  Methods  of  Work.  Let  B  be  the  station  occu- 
pied and  b  a  point  on  the  board  directly  over  B,  When  the 
edge  of  the  alidade  is  placed  in  coincidence  with  b,  and  the 
telescope  is  directed  first  to  a  distant  point  A  and  then  to  a 
distant  point  C,  if  the  board  is  level  the  angle  formed  by  the 
two  lines  drawn  on  the  paper  is  the  horizontal  angle  ABC. 
Thus  the  angle  is  represented  graphicaUy  instead  of  being 
measured  and  recorded  in  degrees,  as  in  transit  surveying.  In 
alLotber  r^pects  the  methods  of  locating  points  are  the  same. 
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and  the  analogy  between  transit  work  and  plane-table  \rork 
should  be  kept  in  mind.  Linear  measurements  may  be  made 
by  chaining  or  by  the  stadia.  In  two  of  the  five  methods 
used  in  plane-table  work,  linear  measurements  are  not  re- 
quired. 

1.  Radiation.     Method  of  angles  and  distances,  p.  134. 

2.  Progression  or  Traversing.  Corresponds  to  the  azimuth 
method,  p.  120. 

3.  Radio-progression.     A  combination  of  1  and  2. 

4.  Intersection.     Corresponds  to  triangulation,  p.  137. 

5.  Resection.     A  modification  of  4. 

The  only  linear  measurement  required  in  either  of  the  last 
two  methods  is  the  length  of  one  base  line. 

Note,  In  the  first  five  figures  on  the  following  pages  the  actual  bound- 
aries are  represented  by  the  large  polygon,  and  these  boundaries  are  shown 
drawn  to  smaller  scale  on  rectangles  representing  the  plane-table. 

In  studying  these  figures  bear  in  mind  that  th^  size  of  the  plane-table  is 
very  greatly  exaggerated.  Thus,  for  example,  it  appears  in  Fig.  301  (I) 
to  be  larger  than  the  house.  It  is  customary  to  represent  a  point  on 
the  ground  by  a  capital  letter,  and  its  plotted  position  on  the  plane-table 
by  the  corresponding  small  letter. 


Fig.  391  (I). 

I.  Radiation.  Method,  Set  up  the  plane-table  in  a  pofiition 
from  which  all  points  to  be  located  can  be  seen,  damp  the 
table  so  that  it  cannot  revolve.    Stick  a.  pm  m  V3ti%  \3(^^^^  ^i^ 
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any  convenient  point,  and  let  this  pin  represent  the  point  on 
the  ground  at  which  the  plane-table  stands.  With  the  edge  of 
the  alidade  against  the  pin,  draw  radial  h'nes  to  all  points  to 
be  located,  and  mark  ofif  the  distances  to  these  points  to  scale. 
(Method  corresponds  to  that  illustrated  in  Fig.  195  (a),  p.  134.) 

Illustration.  In  Fig.  391  CI)  the  radial  lines  are  drawn  to  the  four  cor- 
ners of  the  lot  and  to  three  comers  of  the  house.  The  distances  to  these 
points  as  fast  as  they  were  measured  were  laid  off  to  scale  on  the  corre- 
sponding radial  Unes. 

Practical  suggestions.  (1)  Choose  a  position  for  the  pin  such  that  no 
point  to  be  plotted  wiU  fall  outside  of  the  limits  of  the  paper.  (2)  In  the 
illustration  shown  it  would  be  well  to  measure  the  lengths  of  the  boundarjr- 
lines  and  scale  the  corresponding  distances  -ad,  he,  cd,  and  da  to  see  if 
they  agree.  (3)  The  house  is,  of  course,  * 'measured  up"  to  locate  the 
remaining  three  comers. 

Comments.  This  method  is  employed  chiefly  in  combination  with  some 
other  method;  otherwise  its  use  would  be  restricted  to  a  comparatively 
small  area,  i.e-,  the  ground  which  can  be  covered  from  a  single  set-up. 

II.  Progrcssion  or  Traversing.  In  this  method  the  plane- 
table  may  be  moved  from  one  station  to  another.  After  setting 
up  over  one  station,  the  first  thing  to  do  is  to  orient  the  table. 


FiQ.  391  (II). 


This  is  done  by  making  the  edge  of  the  alidade  pass  throtigh 

the  plotted  positions  of  two  stations,  one  of  which  must  corre* 

spond  to  t?ie  station  at  which  the  'pl(ine4able  stands;  the  table  ia 
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then  revolved  until  the  line  of  sight  is  directed  to  the  other 
station.  This  usually  amounts  to  backsighting  on  the  preced- 
ing station,  as  in  transit  surveying;  hence  this  method  corre- 
sponds to  the  amizuth  method  (p.  120). 

lUttstration,  Required  to  plot  the  boundary-lines  A  BCD  in  Fig  301  (11). 
Set  up  at  any  comer  as  C.  Choose  a  corresponding  point  c  on  the  board, 
and  draw  cb  with  the  alidade  directed  to  B.  Measure  the  distance  from 
C  to  B  and  lay  it  off  to  scale,  thus  establishing  b.  Set  up  at  B,  make  the 
edge  of  the  ahdade  pass  through  b  and  c,  turn  the  table  until  the  line  of 
sight  strikes  C,  and  clamp.  The  table  is  now  oriented.  Sight  at  A,  draw 
ba^  measure  BA,  lav  off  the  distance  to  a.  Set  up  at  A,  orient  as  before 
by  sighting  along  ah  to  B,  draw  ad,  measure  AD,  and  lay  off  the  distance 
to  d.  Thus  any  number  of  stations  may  be  plotted  one  after  the  other. 
In  Fig.  391  (II),  the  lines  on  the  board  are  numbered  in  the  order  in  which 
they  were  drawn. 

Practical  auggestiona.  (1)  When  the  area  covered  is  small  and  the 
scale  adopted  is  large,  it  may  be  necessary  to  set  up  so  that  the  station 
at  which  the  plane-table  stands  is  exactly  under  the  corresponding  point 
on  the  board  (p.  320).  (2)  Choose  the 'first  line  cb  with  due  regard  to  the 
limits  of  the  paper.  (3)  After  orienting  at  A,  if  the  alidade  is  made  to 
pass  through  ac,  the  line  of  sight  should  strike  C.  Such  checks  as  this 
should  be  used  constantly.  (4)  It  is  not  necessary  to  set  up  at  the  last 
station  D  except  as  a  check.  (5)  The  house  or  any  other  detail  could  be 
located  from  the  most  convenient  station  by  the  preceding  method  of 
radiation,  or  by  the  next  method  of  intersection.  (6)  If  it  is  mipracticable 
to  set  up  over  boundary  comers  (as  is  usually  the  case),  establish  stations 
and  corresponding  reference-lines  inside  or  outside  the  boimdaries,  as  in 
transit  survejdng.     (See  pp.  141  and  150.) 

Question.  How  could  the  work  have  been  started  at  C  so  as  to  plot  the 
four  comers  in  two  set-ups,  counting  the  one  at  C  7  How  could  the  posi- 
tions of  d  and  a  be  checked  in  this  case? 

Comments,  This  method  requires  all  stations  to  be  accessible.  It  is 
used  for  the  main  lines  of  a  survey  (corresponding  to  transit  lines), 
the  details  being  located  in  some  other  way.  It  is  especially  adapted  to 
surveys  of  roads,  streams,  etc.,  the  stations  being  chosen  at  the  bends,  while 
the  sides  of  the  road  or  banks  of  the  stream  are  located  by  offsets, — build- 
ings, fence-comers,  etc.,  by  radiation.  Frequently  offsets  may  be  sketched 
in  by  the  eye.  The  method  is  often  used  for  filling  in  details  of  a  topo- 
graphic survey,  the  primary  stations  of  which  have  oeen  previously  estab- 
lished by  triangulation  with  more  accurate  instruments.  These  primary 
stations  are  a  valuable  check  on  the  plane-table  work. 

III.  Radio-progression.  A  combination  of  the  first  two 
methods  just  explained.  Characteristic  features:  (1)  The 
table  is  always  set  up  with  its  center  directly  over  the  station 
occupied;  (2)  for  all  sights  at  all  stations  the  edge  of  the  ali- 
dade passes  through  the  same  point  on  the  paper,  i.e.,  a  point 
over  the  axis  around  which  the  table  revolves;  (3)  the  direction 
of  any  line  of  sight  is  transferred  from  the  center  of  the  board 
to  the  point  representing  the  station  occupied,  by  drawing 
through  this  point  a  line  parallel  to  the  edge  of  the  alidade. 

lUtutratUm,    In  Fig.  391  (III)  lines  of  sight  are  represented  by  broken 
lines, — tlw  lines  actually  drawn  on  the  table  by  full  lines.     Set  up  at  ^ , 
with  the  center  of  the  table  over  the  station.     Stick  a  pin  in  at  the  center 
of  the  table,  and  with  the  edge  of  the  alidade  against  the  pin^  av«.h.t  «A.  r^« 
A88WP9  a  point  a  »nd  draw  the  Uqq  a4  P&r9.UiQl  to  ^itkft  ^^^Vi^  ^i  ^Xx^  "d^^^sk^*^ 
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In  like  manner  aight  on  B  and  E  and  draw  the  eorrespondine  parallel 
lilies  ab  and  ae.  The  distances  AD,  AE,  and  AB  are  measured,  and  the 
corresponding  distances  od,  ae,  and  cU>  are  laid  oflF  to  scale.  Move  the 
hoard  to  B,  orient  by  sightini^  at  A  (edse  of  alidade  parallel  to  ba).  As 
a  check,  sii^ht  at  D  and  see  if  a  line  partUUl  to  the  edge  of  the  alidade  passes 
through  both  h  and  d.  Determine  points  e  and  /  by  drawing  from  6  lines 
parallel  to  the  corresponding  lines  of  sight  in  the  usual  manner.  It  is  not 
necessary  to  go  beyond  this  station,  except  to  check  the  work,  but  in  this 
ease  the  plane-table  was  again  set  up  at  C,  the  location  of  d  checked  by 
sil^iing  at  D,  and  a  third  comer  g  of  the  house  was  plotted. 

i*ixictical  $ugge^iona,     (1)  Parallel  Unes  may  be  drawn  by  placing  one 
edge  of  a  triangle  in  perfect  contact  with  an  edgb  of  the  alidade,  and  then 


D|v — 

1          X 

1    \ 

d^ ■ 

A 

a 
b 

1 

N 

X 
V 

1 

1  » 

• 

t? 

E 

1 

/ 

f 
t 
1 

0 

t 

/ 

0 

0 

1 

f 

1 

/ 

/ 

* 

N 

rfp-jt=: 

ip^'^ 

• 

r^^^-^T'T^^a 

H 

- »\ 

\ 

cV 

\ 

6 

/^ 

e. -^ 

b 

« 

F 

IG.  391  ( 

III). 

i 

sliding  this  triangle  along  the  edge  of  a  second  triangle,  as  in  ordinary 
drafting.  If  the  two  edges  of  the  alidade  are  parallel,  place  the  triangle 
against  either  edge  as  may  be  most  convenient.  (2)  In  the  illustration 
shown,  the  house  could  have  been  located  wholly  from  A,  the  most  con- 
venient station.  Two  or  three  comers  having  been  located,  the  others 
are  found  by  measuring  the  sides  of  the  house.  The  lengths  of  the  bound- 
ary-lines should  be  measured  also.  (3)  If  in  orienting  at  B  it  is  neces- 
sary to  make  the  edge  of  the  alidade  parallel  to  ha^  extra  work  is  involved ; 
moreover,  ha  may  be  too  short  for  accuracv  It  is  better  to  draw  a  lon|t 
Une  through  the  center  of  the  table  before  leaving  A^  ny  pcunting  the  ali- 
dade to  B,  and  use  this  Une  for  orienting  at  B.  This  means  that  a  number 
of  such  line%  wiU  eventually  be  drawn  through  the  center  of  the  table  for 
purooses  of  orienting  it :  hence  it  is  belter  to  omit  the  center  portion  of 
each  line,  drawing  the  two  ends  only. 

Comments.     The  radio-progression  method  is  especially  adapted  to  map- 
ping small  areas  to  lame  scale,  i.e.,  when  one  must  be  partiouUr  to  have 
a  jriven  point  on  the  table  directly  over  the  station  occupied.     When  many 
points  are  to  be  plotted  from  any  one  station,  much  time  is  wasted  in  draw- 
iigr  /^FaBel  lines, — it  is  better  to  set  the  station  on  the  board  direetly  over 
$h0  stMilon  oa  the  ground  and  use  the  first  two  methods. 


PLANE-TABLE  SURVEYINa 


325 


IV.  Intersection.  This  method  corresponds  to  triangula- 
tion  (see  Fig.  196,  p.  137);  one  distance  being  known,  no  further 
linear  measurements  are  required.  The  first  thing  to  do  after 
setting  up  the  plane-table  is  to  orient  it  as  in  the  preceding 
methods.  The  work  then  consists  in  drawing  radial  lines  to 
the  points  which  are  to  be  located.  The  distances  will  not  be 
determined  until  these  lines  are  intersected  by  corresponding 
lines  to  the  same  points,  drawn  at  some  other  station. 


Fio.  391  (IV) 

lUtubraHon.  Figure  391  (IV)  is  practically  self-explaining.  The  table 
Was  first  set  up  at  C,  the  length  of  CB  measured,  and  the  line  cb  plotted.  | 
Lines  2,  3,  4,  and  6  of  indefinite  length  were  then  drawn,  the  table  moved 
to  B,  oriented,  and  lines  6,  7,  8,  and  9  drawn  to  determine  the  points  of  ' 
intersection  d,  g^J,  and  a.  Had  it  been  necessary  to  locate  other  points 
not  visible  from  C7,  but  visible  from  both  B  and  A,  the  line  ab  could  have 
been  used  as  a  base-line  in  exactly  the  same  way.  Thus  the  plane-table 
can  be  moved  from  station  to  station  until  all  the  ground  is  covered. 

8ugge9tt€7i8,  (1)  As  in  all  triangulation,  stations  should  be  chosen  so 
that  intersections  are  definite  and  not  too  obl*que.  (See  p.  191.)  (2)  As 
this  method  is  usually  used  for  large  areas  plotted  to  small  scale,  it  is  seU 
dom  necessary  to  set  up  so  that  the  point  on  the  table  is  exactly  over  the 
station  on  the  ground.  (3)  If  a  point  cannot  be  located  by  a  definite 
intersection  from  two  given  stations,  consider  if  it  cannot  be  located  more 
definitely  from  two  other  stations, — this  suggests  a  method  of  eheck-lines. 
i.e.,^  locate  points  occasionally  from  at  least  three  stations.  (4)  It  is  often 
desirable  to  sight  on  a  church-steeple,  the  top  of  a  tree,  or  some  other 
prominient  landmark  merely  as  a  check,  even  though  the  location  of  the 
point  itself  is  of  no  consequence.  Having  orienteci  a  table,  it  is  very  reas- 
suring to  direet  the  line  of  sight  at  a  distant  object  and  to  find  that  the  «d«ib 
of  the  alidade  passes  through  the  correspondini^  povnX  c\t«&A>}  \\q(Cva^ 
from  other  stations. 
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CommerUs.  This  method  is  especially  useful  for  plotting  irKxccessibU 
points.^  and  for  mapping  banks  of  streams,  edges  of  woods,  and  other 
indefinite  topographic  features.  As  it  is  difficult  to  choose  stations  so 
that  all  intersections  on  the  paper  will  be  definite,  this  method  is  of  great- 
est value  when  used  in  combination  with  some  one  of  the  preceding  methods, 
—it  is  especially  valuable  as  an  occasional  check  on  distant  points. 

V.  Resection.  This  method  is  a  modification  of  the  method 
of  intersection.  Its  chief  characteristic  is  that  the  point  de- 
termined by  the  intersecting  lines  is  the  station  occupied  by  the 
plane-table  at  the  time  those  hnes  are  drawn.  This  means  that 
a  plane-table  can  be  set  up  anywhere  and  the  corresponding 
point  on  the  map  can  be  found  by  resection,  provided  three 
points  already  plotted  are  visible  from  the  plane-table.  This 
method  requires  one  linear  measurement — a  base-line. 


Fig.  391  (V), 


Illustration.  In  Fig.  391  (V)  set  up  at  C.  assume  c*  direct  the  alidade 
to  B,  measure  CB,  lay  ofif  cb  to  the  scale  adopted,  and  draw  an  indefinite 
line  2  towards  D.  Set  up  at  D,  orient  the  table  by  sighting  at  C  with 
the  edge  of  the  alidade  along  the  line  2;  then  move  the  aUdade  to  6,  sight 
at  B, — where  the  edge  of  the  alidade  cuts  the  Hue  2  will  be  the  point  d. 
Draw  an  indefinite  line  3  towards  A.  Set  up  at  A,  orient  the  table,  center 
the  alidade  at  c,  sight  to  C,  and  find  the  intensection  a  with  the  line  3. 
As  a  check,  center  the  alidade  at  a,  sight  to  B,  and  see  if  the  edge  of  the 
alidade  cuts  b. 

PnxctuxLl  suggestions.     (1)  In  setting  up  the  plane-table,  estimate  about 

where  the  station  to  be  plotted  will  come,  and  set  this  point  approximately 

over  the  point  oa  the  ground.     ^2)  When  there  are  more  than  four  sides 

to  the  survey  a  station  may  be  plotted  by  sighting  ocrott  the  indosure 
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to  any  station  previously  plotted.  This  often  gives  a  choice  of  two  or 
more  sights. — it  is  well  to  use  one  for  locating  the  point  on  the  paper,  and 
the  other  for  a  check-sight.  (3)  Details  are  best  located  by  radiation  or 
intersection. 

Comments.  The  method  of  resection  is  not  a  very  useful  method  except 
in  cases  where  it  becomes  necessary  first  to  occupy  a  station  and  then 
to  locate  it  on  the  mapi  The  well-known  three-pomt  problem  and  the  twO' 
point  problem  are  problems  in  resection,     (See  pp.  329  to  335.) 

392.  The  Five  Methods  Compared^Summary. 

1.  Radiation.  An  accurate  method,  but  restricted  to  one  set- 
up.    Used  chiefly  in  combination  with  other  methods. 

2.  Progression,  Requires  all  stations  to  be  accessible.  Used 
only  for  locating  stations.  Corresponds  to  traversing.  Useful  for 
establishing  mam  lines  of  reference. 

3.  Radio-progression,  Adapted  to  plotting  small  areas  to 
large  scale,  since  the  center  of  the  table  is  always  over  the  sta- 
tion. Not  much  used  if  many  points  are  to  be  plotted  from 
one  station. 

4.  Intersection,  Reciuires  no  linear  measurements  except  a 
base-line,  and  is  especially  useful  in  plotting  inaccessible  points. 
Method  is  inaccurate  when  intersections  are  too  oblique.  Method 
used  chiefly  in  combination  with  other  methods,  especially  for 
check-sights. 

5.  Resection,    Used  chiefly  for  locating  the  station  occupied. 

393.  Practical  Suggestions  for  Plane-table  Work. 

(a)  (1)  The  paper  must  be  selected  and  handled  with  care  in  accurate 
plane-table  work.  Paper  which  has  a  good  surface  for  drawing  hair-lines 
and  is  least  a£Fected  by  atmospheric  changes  should  be  used, — for  very 
accurate  worlc  double-mounted  paper,  for  ordinary  work  single-mounted, — 
where  there  is  much  dampness  celluloid  sheets.  Tinted  paper  is  less  try- 
ing to  the  eyes  than  pure  white.  (2)  Most  paper  except  the  double- 
mounted  paper  can  be  rolled  and  kept  in  a  metal  cylinder  or  carrying- 
case, — diameter  not  less^  than  three  or  four  inches.  It  is  preferable,  how- 
ever, to  cut  sheets  the  size  of  the  board  and  to  keep  them  fUit  in  a  leather 
or  canvas  carrying-case.  (3)  Paper  should  be  so  firmly  fastened  to  the 
board  that  it  is  practically  a  part  of  it,  so  that  neither  wind  nor  friction  of 
the  alidade  will  disturb  it.  For  this  purpose  spring-clamps,  thumb-tacks, 
or  screw-tacks  are  used.  Spring-clamps  are  unreliable,  and  interfere  with 
the  free  movement  of  the  ahdade;  thumb-tacks  are  better,  but  the  double- 
screw  tacks  with  which  the  plane-table  boards  of  the  Geological  Survey 
are  provided  are  perhaps  the  best  for  the  purpose.  In  any  case  the  paper 
must  be  stretched  tight  and  smooth,  and  occasionally  it  may  be  worth 
while  to  turn  the  paper  over  the  edges  of  the  board  and  paste  it  under- 
neath. A  waterproof  cover  for  protecting  the  paper  on  the  board  in  case 
of  sudden  rain  is  almost  indispensable.  If  caught  without  it,  turn  the 
board^  upside  down.  (4)  When  more  than  one  sheet  is  used  it  is  suffi- 
cient in  ordinary  work  simply  to  transfer  to  one  sheet  at  least  two  points 
from  the  preceding  sheet,  say  the  last  two  stations  occupied.  In  addition 
it  is  well  to  transfer  such  other  points  as  are  likely  to  be  needed  for  check- 
sights.  Points  may  be  pricked  through  from  one  sheet  to  another,  or  if 
greater  accuracy  is  required  they  may  be  transferred  by  any  of  the  well- 
known  methods  used  in  drafting. 

(6)  Manipulation  of  the  plane-table,  (1)  If  there  is  no  slow-motion 
Bcrew  for  turning  the  table  after  it  is  clamped,  it  may  be  turned  slowly 
before  it  is  clamped  by  tapping  a  corner  sidewise  Vvith  the  finger.  After 
clamping  look  a^in  to  see  that  the  cross-hairs  still  cover  the  point  sighted 
at.  (2)  In  turmng  the  aUdade,  steady  the  standard  with  the  left  haiid^ 
while  the  right  swings  the  rear  end  of  the  ruler.  A.  ^tva  Ti"efe^"ek  xcka^j  Xa^, 
stuck  at  the  point  on  the  paper  representing^  t\ie  «;V.aX\.OTi«  «xA  \X^  «^^i^  ^ 
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the  alidade  kept  againrt  it.  (3>  Be  careful  not  to  rjlsturti  the  boanl  after 
it  19  iiriented  by  leitniiur  heai-iiv  on  it,  nr  by  eontael  with  its  «lBe.  Tbe 
Ifu  th>  w>iirht  M  the  Bbdaile  re^tK  neiir  (h.  ^.1_  .J  rh.  Kn.rH  ih.  h.if.r 
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noon  becomes  oovered  with  a  network  of  lines  whioh  is  bad  enauch  vIkd 
reduced  to  a  minimum.  In.stead  of  drawing  a  line  the  full  leniib  of  the 
alidade,  draw  a  short  line  approximately  where  the  point  i»  la  be  pltKtnL. 

Id?  lines  by  markinjr  olT  ilistances  along  the  edge  of  the  alidade  while  ii 
is  yet  in  position.  Instead  of  drawing  a  long  line,  aH,  for  example,  when 
one  19  to  be  Hied  for  orienting,  draw  a  fhnn  line  at  each  end  o'  (be  alidade. 
Id  inleneetions  the  point  is  simidy  marked  or  pricked  where  thn  9Ei.-i>nd 

on  the  same  ,«traight  Une  may  ho  located  quickly  by  plotting  lb*  1«q 
ends  of  the  Une,  and  then  intersecting  Ihi'  line  by  sights  lo  tbe  remaining 
point.  (4)  Dran  all  linea  close  to  the  Etraighl-ed(n,  90  that  each  is  hardly 
visible  until  the  ttrajght-edge  is  moi-ed  away;  but  if  any  pan  of  theed^ 
is  raised  oil  the  taper,  be  careful  that  the  pencil  does  not  run  under  it. 
thus  deviating  IrniD  a  straight  Une.  (5)  Abu\-e  all,  hart  mme  ootd tt/Mttit 
tt  kftping  track  ol  rwtnti  and  linn,  no  that  those  platted  at  one  statioa 
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394.  Practical  Questions  Relating  to  Field  Woik. 

_.(o)  Chnia  of  uale.  It  the  plane-table  wortc  b  oairied  n  in  oonOM^ 
with  a  tnin.-Ht  survvv  it  mav  be  r1e<inihle  to  adopt  the  nine  Male  aa  tbat 
used  in  the  f  flioe  for  nlottingthe  ITunsit  note*.  Thi-  is  not  ewetrtiaL  ho* 
ever,  aa  tbe  pUn»-(ahle  map  can  be  transferred  easily  to  amKi  ojdiBeWB* 
"Cale  by  mean.-  of  (he  juinloHraph  or  by  some  other  mathod^  AMBUjft 
howei-er.  that  thi.  phoioe  of  -eale  doe.  not  depend  "pon  otfaer  wiafc.  *■ 
foHowinB  sUEgeXions  are  made:  .  -ai^^ 

1.  Choo-e  a  seal*  in  common  use.     For  ordinary  wolllJt 

ten.  as  ID,  20.  30.  40.  50,  TO.  SO,  100,  or  200  ft.  to  ii ' 

meni  work  standard  srales  are  adopwd,  such,  tor  ei 

-.  ..  ,,„  ^,™  „.  ,„r  iii".[p  1^  um«e.i,  w.  lur  auiu...c,  ;"  the  *••  "B 
board,  •slimate  !he  eitreme  dimenriona, — thia  wiH  still  lurtoM'  ■»»  • 
choice  of  scale.  — 

3.  Oioone  a  iwile  consistent  with  the  limit  f~ 
g  mes-nirement"  to  the  nearest  foot  are  ww' 
ie  am  maU  a  *,(»  „,  should  be  uaad-.  Btt  »• 
»in.c  /(  M  rsfber  diflicult  to  plot  to  ih  ■!' 
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(b)  Choice  of  Btaiions,  The  sunestions  given  on  p.  140  for  ekoosing 
Btationa  hold  good,  rememberiDg,  however,  that  in  plane-table  work  it  is 
well  to  have  each  station  visible  from  at  least  three  others,  though  thie 
is  not  essentiaL  When  a  plane-table  survey  is  made  in  conneetioA  with 
a  transit  survey,  it  should  begin  at  one  of  the  main  stations  and  be  **tied 
in"  with  other  transit  stations  as  completely  as  may  be  necessary  for 
definite  checks. 

(c)  Methods  of  locating  details  explained  in  Chapter  XIII  may  be  used, 
modified,  of  course,  to  suit  plane-table  work.  Thus,  for  example,  offsets 
often  may  be  paced,  and  details  sketched  in  by  eye.  The  auggestions  on 
p.  156  hold  good. 

id)  What  details  to  take.  In  a  large  survey  it  should  be  clearly  under- 
stood what  details  are  to  be  taken  Dy  the  plane-table  party,  and  what 
are  to  be  left  for  other  parties. 

(e)  Limits  of  error  depending  upon  the  nature  of  the  work  in  hand  (see 
p.  159)  should  be  kept  constantly  in  mind. 

(/)  Sources  of  error.  (1)  Error  in  the  position  of  the  table.  (2)  Error 
when  the  board  is  not  truly  horizontal.  (3)  Error  in  sighting.  (4)  Errors  of 
adjustment.  (5)  Errors  in  drawing  lines.  (6)  Errors  in  laying  off  dis- 
tances to  scale.  (7)  Errors  due  to  the  expansion  and  contraction  of  the 
paper. 

395,  The  Three-point  Problem.  Given:  Three  points,  A, 
Bj  and  C,  visible  from  a  station  P  occupied  by  a  plane-table;  also 
a,  6,  and  c,  the  plotted  positions  of  the  three  visible  points.  Re- 
quired:   To  plot  p,  the  position  of  the  station  occupied. 

Remark.  This  is  a  special  case  of  the  method  of  resection  where  the 
position  of  the  station  occupied  is  the  point  required,  but,  unlike  the  gen- 
eral case  (p. 326),  no  line  known  to  pass  through  p,  the  required  point,  haa 
been  drawn  at  some  previous  set-up,  hence  there  is  no  airect  method  of 
orienting  the  table  ae  is  the  ease  on  p.  326.  The  problem,  then,  amounts 
to  finding  some  point  p  such  that  when  the  edge  of  the  alidade  is  made 
to  pass  through  n  and  any  one  of  the  points  a,  b,  or  c,  the  table  may  be 
correctly  orientea  by  sighting  at  the  corresponding  point  il,  B,  or  C.  Thua 
the  solution  of  the  three-point  problem  determines  the  location  on  the 
^Met  of  the  station  occupied  and  orients  the  table  simultaneously.  As 
in  all  forms  of  triangulation,  the  definite  location  of  the  point  depends 
upon  well-pnH>ortioned  triangles  and  sharp  interseetions. 

Solutions.     (1)  Mechanical.     (2)  Graphic.     (3)  By  trial. 

I,  Mechanical  solution.  (1)  Fasten  a  piece  of  tracing-paper 
to  the  board,  and  assume  a  point  p  to  represent  the  station  oc- 
cupied. (Assume  it  as  near  its  true  position  as  can  be  estimated 
by  eye.)  (2)  Center  alidade  on  p,  and  sighting  successively  on 
the  three  visible  points  A,  B,  and  C,  draw  lines  of  indefinite 
length  along  the  edge  of  the  alidade.  (3)  Shift  the  tracing- 
paper  untn  the  three  lines  pass  through  the  points  a,  b,  and  e 
previously  plotted  from  other  set-ups,  and  prick  the  point  p 
through  to  the  jpaper.  (4)  With  the  edge  of  the  alidade  passing 
through  p  and  a,  orient  the  table  by  sighting  at  A.  (5)  Take 
check-sights  through  b  and  c  to  B  and  C  respectively.  If,  be- 
cause of  little  inaccuracies,  the  lines  do  not  meet  at  p,  the  trL 
angle  of  error  will  usually  be  so  small  that  a  sli^t  qxqn^tsx^t^ 
of  the  board  will  correctly  orient  the  tab\e% 
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CommerUa.  This  metliod  is  quick,  and,  under  favorable  cireumstaiijees, 
easy  to  use  and  sufficiently  accurate  for  most  purposes.  It  is,  however, 
somewhat  cumbersome,  and  under  unfavorable  circumstances,  especially 
in  a  high  wind,  not  very  practicable. 

II.  Graphic  methods,"^    There  are  several  graphic  methods 
but  only  two  will  be  explained. 

(a)  Bessel's  method.  Fig.  395  (a)  represents  the  table  in 
three  positions,  but  over  the  same  station.     (The  three  positions 


Fig.  395  (a). 

correspond  to  the  three  principal  steps.)  Let  A,  B,  and  C  rep- 
resent the  three  visible  points,  and  a,  b,  and  c  their  plotted 
positions. 

First  step.  (1)  With  the  edge  of  the  alidade  through  c  and 
a,  sight  at  A  and  clamp  the  board.  (2)  Sight  at  B  and  draw  a 
line  of  indefinite  length. 

Second  step.  (1)  Unclamp;  with  the  edge  of  the  f^lidftde 
through  a  and  c,  sight  at  C  and  clamp.  (2)  Sight  at  B  and 
intersect  the  first  line  drawn,  thus  obtaining  the  point  e. 

Third  step.  Draw  eh,  and  unclamp;  with  the  edge  of  the 
alidade  through  h  and  e,  sight  at  B  and  clamp.  Center  on  a 
sight  at  A,  and  intersect  eb  at  p. 

Check.    Center  on  p  and  see  if  c  and  C  are  on  line. 

Comments.  The  objection  to  Bessel's  method  is  that  the  points  e  and 
b  frequently  fall  so  near  together  that  the  direction  of  the  line  betweoi 
them  is  practically  indeterminate ;  or  else  the  point  of  intersectiotn  e  comes 
off  the  board  altogether.  In  many  cases  this  difficulty  may  be  ovct' 
come  by  expanding  or  contracting  the  triangle  formed  by  the  thi«e  fixed 
points  as  follows:  (1)  Draw  a  line  parallel  to  ac,  and  find  its  interaectioii 
with  each  of  the  lines  ab  and  be.  (2)  Through  the  two  points  thus  found, 
draw  lines  parallel  to  ae  and  ce.  These  lines  will  intersect  in  a  third  point 
of  eb. 


*  For  a  very  complete  treatment  of  the  three-point  proUem,  eonsolt  the 
I;.  S.  Coast  and  Geodetic  Survey  Report  for  1880,  also  A  Plane  Table 
MarnuUf  by  D.  B.  Wainwright.  in  the  Report  of  1905.     See  also  HawOmA 

der  Vermeesungakunde,  by  Jordan,  and  Bauemfeind's 

Vol  IL 
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Bessel's  solution  is  based  on  the  geometric  principle  that  in  any  inscribed 
quadrilateral  the  angle  made  by  one  of  the  aides  with  one  of  the  diagonals  is 
equal  to  the  angle  made  by  the  opposite  side  rvith  the  other  diagonal.  The 
board  of  the  plane-table  is  treated  as  a  points  i.e.,  compared  with  the  area 
covered  by  the  survey  it  has  no  dimensions. 

(6)  Llano's  method.*  The  three  visible  points,  A,  B,  and  C, 
and  their  plotted  positions,  are  taken  in  the  same  relative  posi- 
tions as  in  Fig.  395  (a)  of  the  preceding  method. 


Fig.  395  (6). 

First  step,  (1)  Draw  a  line  perpendicular  to  the  line  ab 
at  its  middle  point,  place  the  alidade  along  this  line,  sight  at  B 
and  clamp.  (2)  Center  on  a,  sight  at  A,  and  find  the  inter- 
section e. 

Second  step,  (1)  Draw  a  line  perpendicular  to  he  at  its  mid- 
dle point,  place  the  ahdade  along  this  line,  unclamp,  sight  at 
B  and  clamp.  (2)  Center  on  c,  sight  at  C,  and  find  the  inter- 
section /. 

Third  step.  Find  k  (the  required  point)  at  the  intersection 
of  two  arcs,  one  with  e  as  a  center,  and  a  radius  ea,  the  other 
with  /  as  a  center,  and  a  radius  fc. 

Fourth  step.  With  the  edge  of  the  alidade  through  h  and  k, 
orient  by  sighting  at  B,  and  check  by  sighting  through  a  to  A  and 
through  c  to  C. 

Comments.  If  more  convenient,  find  k  by  drawing  from  b  a  perpen- 
dicular to  the  line  ef;  X;  is  on  this  perpendicular  and  as  far  on  one  side  of 
ef  as  b  is  on  the  other.  Llano's  method  fails  when  e  and  f  fall  so  near  to- 
gether that  the  location  of  k  becomes  indefinite. 

III.  Methods  by  trial  are   those   in  which  the  position  of  the 
required  point  is  alternately  assumed  and  corrected  until   its 
proper  position  is  determined.    The  most  satisfactory  method  of 
procedure  is  that  known^as  the  Coast  Survey  method. 


♦  See  Engineering  News^  Dec.  2ft,  l^^A, 
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(c)  Coast  Survey  method.  (1)  Orient  the  table  as  nearly  as 
can  be  guessed,  first  using  the  compass  to  bring  it  approximately 
into  position,  and  then  estimating  the  position  of  the  point  p 
with  respect  to  a,  6,  and  c,  guided  by  the  rules  given  in  this 
article.  (2)  Clamp,  and  draw  lines  through  a,  6,  and  c  by 
sighting  at  the  corresponding  points  A,  B,  and  C  respectively. 
(3)  If  the  table  has  been  oriented  correctly  (which  is  im- 
Ukely)  these  three  lines  will  meet  in  the  required  point  p; 
otherwise  they  will  intersect,  forming  a  small  triangle  of  error , 
or  else  two  of  the  lines  will  be  parallel  and  be  intersected 
by  the  third.  The  position  of  p  can  now  be  estimated  more 
nearly  than  before,  the  table  newly  oriented,  and  the  process 
repeated.  Thus  the  method  is  a  series  of  approximations, 
the  trismgle  of  error  becoming  smaller  and  smaller  as  the 
orientation  becomes  more  nearly  correct.  This  method  is 
used  extensively,  especially  by  the  Government  topographers, 
and  is  quick  and  accurate,  more  so  than  would  at  first 
appear. 

Certain  rules  for  guidance  in  estimating  the  position  of  p 
taken  from  A  Plane  Table  Maniial*  by  Mr.  D.  B.  Wainwright, 
are  given  below. 

The  rtlaHve  potitums  of  the  three  fixed  points  with  reference  to  the  new 
^iatieh  have  an  important  bearing  on  the  stren^h  of  its  determination. 

In  the  following  statement  in  regard  to  the  different  groupings  of  points 
net  bi  practice,  for  the  sake  of  brevity,  the  term  "fixed  points"  will  be 
understood  to  mean  points  already  determined  and  plotted  on  the  sheet; 
the  "great  triangle"  referred  to  is  one  formed  by  the  three  fixed  points, 
aad  the  "grfeat  Circle"  is  the  circle  passing  through  them. 

When  the  new  station  is  outside  the  great  circle,  the  strength  for  determina- 
lidb  of  i.  position  will  be  weak  when  the  middle  point  as  seen  from  the  new 
station  is  the  farthest  of  the  three  and  the  angles  are  small.  (See  lUtia- 
tration  395  (c).  Fig.  3.)  If  the  new  station  is  located  outside  the  circle,  and 
floikie  distatioe  below  it,  the  angtes  are  small  and  the  determinatioo  eorre- 
spondingly  weak. 

The  determination  increases  in  strength  for  given  angles  as  the  middle 
point  approaches  the  new  station.     (Fig.  1.) 

When  one  angle  is  small  or  0°  (points  in  range),  the  determination  will 
be  strong,  provided  the  two  points  making  the  small  ar^e  or  range  are 
Aot^too  near  each  other  when  compared  to  the  distances  to  the  new  station 
and  to  the  third  point;  provided  also  the  angle  to  the  third  point  is  not 
loo  small.     (Fig.  2.) 

When  the  new  station  lies  on  or  near  the  great  circle^  its  position  is  inde- 
terminate.    (See  Illustration  395  (c).  Fig.  3.) 

Wker^  the  new  station  is  within  the  areat  circle,  the  strength  of  its  deter- 
mination increases  as  it  approaches  the  center  of  gravity  of  the  great  tri- 
angle.    (Figs.  3.  4,  5.) 

There  are  a  mmiber  of  graphic  solutions,  but  all  save  three  jm«  better 
suited  to  the  drafting-room  with  its  appliances  than  to  the  conditions  which 
exist  in  the  field.  « 

*  Department   of  Commerce   and  Labor,  U.    8.    Ck>act   and  Geodetic 
Survey,  Appendix  No,  7,  Report  for  1905. 
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Lehmann*9  method  of  solution  is  the  simplest  and  most  direct*  aiid  ap- 
plies under  all  eircumstanoes.  The  directions  aire  stated  in  the  fonto  of 
rules. 

The  term  '*poini  aoupht'*  will  be  understood  to  mean  the  true  position 
on  the  sheet  of  the  projected  point  of  the  station  occupied.  The  survevor 
is  assumed  to  be  facing  the  signals,  and  the  directions  right  and  left  are 
given  accordingly. 

Rule  1.  The  point  sought  is  always  distant  from  each  of  the  three  lines 
drawn  from  the  three  fixed  points  in  proportion  to  the  distances  of  the 
corresponding  actual  points  from  the  station  occupied,  and  it  will  alwajrs  be 
found  on  the  corresponding  side  of  each  of  the  Unes  drawn  from  the  fixed 
points.  * 

The  simplest  case  for  the  application  of  this  rule  occurs  when  the  static^ 
to  be  determined  is  within  the  triaujcle  formed  by  the  three  fixed  points; 
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the  point  sought  maH  then  be  within  the  triangle  of  error  to  satisfy  the 
conmtions.     (See  Illustration  395  (c).  Fig.  5.)  .         ^    ,  u. 

Although  Rule  1  is  suflScient  in  itself  for  the  solution  of  the  problem, 
there  are  two  subordinate  rules  which  materially  assist  the  topographer 
in. reaching  a  decision  as  to  the  prooer  location  of  the  point  sought  with 
reference  u>  the  lines  from  the  nxed  points.  ,     .    .      - 

Rule  2.  When  the  point  sought  is  without  the  great  circle,  it  is  always 
on  the  same  side  of  the  line  from  the  most  distant  point  as  the  intersection 
of  the  other  two  lines.     (See  Illustration  395  (c),  Fig.  1.) 


*  That  UL  if  it  b  on  the  right  side  of  one  line,  it  is  on  the  rl«^t  ^^^  'A 
each  one  of  the  other  two,  and  if  on  the  le(t  side  ol  otij&»  \\.  \a  o\x  vto^  ^«^. 
side  of  each  one  of  the  other  two. 
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Rule  S.  When  the  point  sought  falls  within  either  of  the  three  segments 
of  the  great  circle  formed  by  the  sides  of  the  great  triangle,  the  line  drawn 
from  the  middle  point  lies  between  the  point  sought  and  the  intersection 
of  the  other  two  Unes.     (See  Illustration  395  (c).  Figs.  3.  4,  6.) 

Application  of  rulea.  In  practice  the  topographer  first  decides  the  re- 
lation of  the  new  station  with  reference  to  the  fixed  points,  whether  it  is 
within  the  great  triangle  or  in  one  of  the  segments  or  outside  the  great 
circle.  He  then  determines  the  position  of  the  point  sought  with  reference 
to  one  line  (if  within  one  of  the  segments  or  without  the  great  circle  by 
Rule  2  or  3);  it  then  follows  from  Rule  1  that  it  must  be  on  the  correspond- 
ing side  of  the  other  two  lines.  Finally,  he  estimates  the  relative  distances 
of  the  three  actual  points  from  him  and  marks  the  position  of  the  point 
sought  a  proportionate  distance  from  the  three  lines. 

Examples 

Illustration  395  (c).  Fig.  1.  When  the  point  sought  is  without  the 
great  circle,  the  intersection  of  the  Unes  from  B  and  C  falls  to  the  right  of 
the  line  from  A,  the  most  distant  point;  therefore  (Rule  2)  the  point  sought 
must  be  on  its  right,  and  also  (Rule  1 )  on  the  right  of  the  line  from  B  and  C. 
Its  exact  position  is  then  estimated  according  to  Rule  1. 

Illustration  395  (c),  Fig.  2.  When  the  point  sought  is  on  or  near  the 
prolongation  of  a  range-line,  it  must  be  outside  the  parallel  lines  on  the 
side  of  the  line  to  the  nearest  fixed  point  of  the  range.  In  the  figure  it 
will  be  seen  that  the  point  sought  must  be  outside  the  lines  from  A  and 
B,  and  to  their  right  to  satisfy  Rule  1,  and  also  to  the  right  of  the  line 
from  C. 

Illustration  305  (c).  Fig.  3.  When  the  point  sought  is  on  the  circle 
passing  through  the  three  fixed  points,  the  position  is  indeterminate,  as  the 
three  lines  will  intersect  at  one  point,  although  the  table  is  imiDcrfectly 
oriented.     Another  selection  of  points  must  be  made. 

Illustration  395  (c).  Fig.  3.  When  the  point  sought  faUs  within  one  of 
the  segments  of  the  great  circle,  the  line  drawn  from  A,  the  middle  point* 
is  to  the  right  of  the  intersection  of  the  lines  from  B  and  C;  therefore 
(Rule  3)  the  point  sought  must  be  on  its  right  side,  and  also  (Rule  1)  to 
the  right  of  the  line  from  B  and  from  C.  Locate  it  exactly  according  to 
Rule  1. 

Illustration  395  (c),  Fig.  4.  When  the  point  sought  is  on  or  near  the 
range-line  between  the  fixed  points,  the  point  sought  must  be  between 
the  parallel  lines  to  satisfy  the  conditions  of  Rule  1.  Its  position  with 
reference  to  the  intersecting  line  follows  from  the  same  rule.  In  the  figure 
the  point  sought,  being  between  the  lines  from  B  and  C,  is  to  the  right  of 
each,  therefore  it  is  to  the  right  of  the  line  from  A, 

Illustration  395  (r).  Fig.  5.  When  the  point  sought  faUs  within  the 
great  triangle,  it  must  fall  within  the  trian^e  of  error.  No  other  position 
would  satisfy  the  conditions   of  Rule  1. 

Illustration  395  (c).  Fig.  6.  When  the  three  fixed  points  are  in  a  straight 
line.  In  this  case  the  points  are  considered  as  being  in  the  circumference 
of  a  circle  of  infinite  diameter  and  the  point  sought  always  lying  in  one 
of  the  segments  of  the  great  circle.  The  treatment  of  this  case  is  then 
identical  with  that  of  Illustration  395  (c),  Fig.  S.      \ 

The  preceding  cases  are  all  examples  of  the  conditions  which  may  occur 
when  the  table  is  deflected  to  the  right.  By  turning  the  printed  side  of 
the  iJliL«'tration  to  the  light  and  looking  at  tne  figures  through  the  paper, 
they  will  appear  reversed,  and  they  will  then  be  examples  of  conditions 
which  may  occur  when  the  table  is  deflected  to  the  left. 

Repetition.  When  the  true  point  has  been  estimated  and  marked  on  the 
sheet  in  accordance  with  the  foregoing  rules,  a  new  orientation  is  made. 
If  the  lines  from  the  three  stations  now  intersect  at  that  point,  it  proves  the 
estimate  to  have  been  correct,  and  the  position  is  determined.  If  a  new 
triangle  of  error  is  formed,  it  indicates  an  erroneous  estimate  and  the  oper- 
ation must  be  repeated. 

(d)  Two- POINT  Problem 

Tlie  occasion  may  arise  where  it  is  desirable  to  place  the  table  in  position 
at  a  given  point  from  which  only  two  detenninea  points  are  visible      This 
majr  Be  done  by  the  following  methods: 
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One  method  possesses  the  virtue  of  requiring  no  linear  measurements, 
and  demonstrates  in  a  very  satisfactory  manner  the  eflfectiveness  of  the 
table  in  determining  position  by  resection. 

Illustration  395  (d)  (all  four  figures).  Two  points,  A  and  Bt  not 
eonveniently  accessible,  being  given,  by  their  projections  a  and  b,  to  put 
the  plane-table  in  position  at  a  third  point,  C.  TThe  capital  letters  refer  to 
points  on  the  ground,  and  the  small  ones  to  their  corresponding  projections.) 

Select  a  fourth  point,  D,  so  that  the  intersections  from  C  and  D  upon 


Fio.  395(d). 

A  and  B  make  sufficiently  large  angles  for  good  determinations.  Put  the 
table  approximately  in  position  at  />,  by  estimation  or  by  compass,  and 
draw  the  lines  Aa  and  Bb,  intersecting  at  d;  through  d  draw  a  line 
directed  to  C.  Then  set  up  at  C,  and  assuming  the  point  c  on  the  line 
dC,  at  an  estimated  distance  from  d,  and  putting  the  table  in  a  position 

f)arallel  to  that  which  is  occupied  at  D,  by  means  of  the  line  cd,  draw  the 
ines  from  c  to  A  and  from  c  to  B,  These  will  intersect  the  lines  dA  and 
dB  at  points  a*  and  b',  which  form  with  c  and  d  a  quadrilateral  aimilar  to 
the  true  one.  but  erroneous  in  size  and  position. 

The  angle  which  the  lines  ab  and  a'b'  make  with  each  other  is  the  error 
in  position.  By  drawing  through  c  a  line  cd\  making  the  same  angle  with 
cd  as  that  which  ab  makes  with  a'b',  and  directing  this  hne  cd'  to  D,  the 
table  will  be  brought  into  position,  and  the  true  point  c  can  be  found  by 
the  intersections  of  aA  and  bB. 

Instead  of  transferring  the  angle  of  error  by  construction,  we  may  con- 
veniently proceed  as  follows,  observing  that  the  angle  which  the  line  a'b' 
makes  with  06  is  the  error  in  the  position  of  the  table.  As  the  table  now 
stands,  a'b'  is  parallel  with  AB,  but  we  want  to  turn  it  so  that  ab  shall 
be  parallel  to  the  same  line.  Place  the  alidade  on  a'b'  and  set  up  a  mark 
in  that  direction,  then  place  the  alidade  on  ab  and  turn  the  table  until  it 
again  points  to  the  mark;  then  ab  will  be  parallel  to  AB,  and  the  table 
is  in  position.* 

Where  it  is  possible  to  get  the  two  signals  A  and  B  in  range,  it  is  easy 
to  determine  the  position  of  a  third  point  by  a  method  long  practiced  by 
topographers. 


♦  See  Wainwright's  Plane  Table  Manual   for  «k  «fc<ic>\i^  TQfc\,\vo^ 
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Set  up  the  table  anywhere  on  the  ran^*line,  and  orient  by  the  latter. 
Basect  on  the  unknown  point,  drawing  the  line  anywhere  on  the  sheet 
most  convenient.  Leave  a  signal  at  the  oecupied  point  on  the  range-Une 
aad  set  up  the  instrument  at  the  unknown  point.  Orient  by  the  line 
drawn  when  at  the  station  on  the  range-line,  sighting  on  the  latter  station. 
llie  table  will  now  be  in  a  parallel  position  to  that  when  on  the  range  line, 
wfaieh  is  the  true  position,  and  the  unknown  point  may  be  determined  by 
reMotion  upon  the  two  fixed  points  and  their  projections. 


CHAPTER  XXVII 

TOPOGRAPHIC  SURVEYING 

In  topographic  surveying,  methods  of  leveling  are  combined  with  methods 
of  horizontal  location.  So  many  combinations  are  possible  that  the  sub- 
ject cannot  be  comprehensively  treated  in  a  book  of  this  kind.*  The  aim» 
therefore,  is  to  explain  thoroughly  fundamental  principles,  and  then  to 
discuss  briefly  the  most  important  questions  which  arise  in  ordinary  topo- 
graphic survesdng.  Practically  every  surveying  instnmient  may  be  used 
to  advantage  at  one  time  or  another  in  topographic  work,  and  hence  a 
thorough  knowledge  is  required  of  all  of  the  methods  of  horizontal  and  of 
vertical  control  explained  in  preceding  chapters. 


396.  Contour.  An  imaginary  line  on  the  earth's  surface 
containing  all  points  which  have  the  same  elevation  above  or 
below  some  assumed  datum,  e.g.,  the  sea-level. 

397.  Contour  Interval.  Since  there  are  an  indefinitely 
large  number  of  elevations  there  can  be  an  indefinitely  large 
number  of  contours.  It  is  customary  in  surveying,  however, 
to  work  with  contours  which  differ  in  elevation  by  even-foot 
intervals.  This  difference  in  elevation  between  two  successhv^e 
contours  may  be  one  foot,  two  feet,  five  feet,  ten  feet,  or  any 
other  fixed  interval  assumed  to  meet  the  requirements  of  the 
work.  Different  intervals,  however,  are  not  used  in  the  same 
survey,  i.e.,  the  contour  interval  for  any  survey  once  adopted  re- 
mains the  same  throughout  the  work. 

Illutiration.  Imagine  the  earth's  surface  to  be  partly  covered  with 
water.  Suppose  that  the  surface  of  the  water  is  lowered  five  feet  at  a 
time,  leaving  contact-marks  at  the  end  of  each  interval.  These  marks 
correspond  to  five-faU  contours.  If  the  surface  of  the  water  be  lowered 
one  foot  at  a  time,  the  contact-marks  correspond  to  one-foot  contours. 

SvtggeBtion.  Select  a  small  plot  of  ground  with  an  irregular  surface, 
by  means  of  the  level  find  a  number  of  points  of  the  same  elevation  from 
30  to  50  ft.  apart,  mark  each  point  with  a  stake  or  a  chain-pin  and  imagine 
a  contour  passin|[  through  these  points.  This  is  an  excellent  way  for  the 
beginner  to  see  now  a  contour  winds  in  and  out  along  the  surface  of  the 
ground;  ultimately  he  must  learn  to  follow  with  the  eye  the  approximate 
windings  of  a  contour  which  has  not  been  staked  out;  he  will  be  helped 
in  this  by  imagining  the  ground  intercepted  by  a  water  surface,  as  explained 
in  the  preceding  illustration. 

398.  Use  of  Contours.  A  map  without  contour-lines  sim- 
ply shows  the  relative  position  of  points  without  regard  to  ele- 
vations, but  when  contour-lines  are  added  the  approximate 

♦  For  a  comprehensive  treatise  on  the  subject.  Topographic  Surveyingt 
hT  &  ^*  Wilson  (John  Wiley  and  Sqqs),  is  recommended. 
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elevations  of  all  points  are  at  once  evident  from  inspection, 
Buch  a  map  ia  called  a  topographic  map,— it  represents  the 

infiguration  of  the  earth's  surface 
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399.  Contour- lines,  Fundamental  Principles. 

1.  AV,  points  on  the  same  contaur-line  have  the  same  elevation. 

2.  Two  contdUT-lines  of  dijferent  elevrUwna  canTiot  cross  each 
other.  If  they  did.  the  point  of  their  intersection  would  have 
t*o  different  elevations,  which  is  absurd,  (How  can  an  over- 
hanging clift  or  a  cave  be  an  exception  to  this  rule?)  Contour- 
lines  of  difEerent  elevations  Eometimes  appear  to  mei^e  in  one 
line  as  in  the  cose  of  a  vertical  chff. 

3.  Tim  different  contour-hnes  oj  the  same  eUvatian  cannot 
merge  and  continue  as  one  tine.  For  the  single  line  would  indi- 
cate a  knife-edge  ridge  or  depression,  something  which  does 
not  occur  in  nature.  Different  contours  of  the  same  elevation, 
however,  often  approach  very  near  to  each  other. 

4.  CotUouT  lines  near  together  indicate  a  steep  slope, — /or 
apart  a  gentle  slope, — equally  spaced  a  uniform  slope.  It  is 
evident  that  the  horizontal  distance  between  successive  contour- 
lines  indicates  the  rate  of  slope. 

5.  A  conlavf  pasaiTig  tkrovgh  any  point  is  perpendifndar  to  the 
line  of  steepest  slope  at  that  point.  This  agrees  with  (4),  since 
the  perpendicular  distance  between  contour-lines  is  the  shortest 
distance.      Ridge  and  valley  lines  cross  contours  at  right  angles. 

6.  A  closed  contour-tine  with  one  or  more  higher  ones  tn- 
closed  indicates  a  kill  {Fig.  398);  -with  one  or  more  lower 
ones  inclosed  it  indicates  a  depression  wilhout  an  tnUkt  (Fig. 

M2  0).  p.  340). 
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7.  A  contour-line  cannot  have  an  end  within  the  limits  of  the 
map;  it  must  either  close  upon  itself »  or  else  it  must  begin  at  some 
point  on  the  edge  of  the  map  and  extend  continuously  until  it  dis- 
appears at  some  other  point  on  the  edge  of  the  map. 

8.  The  contours  at  the  top  of  a  ridge  or  at  the  bottom  of  a  val- 
ley either  close  or  go  in  pairs.  For  the  highest  horizontal  plane 
that  cuts  a  ridge  must  cut  it  on  both  sides;  the  same  is  true  of 
the  lowest  horizontal  plane  that  cuts  a  valley. 

9.  No  single  contour-line  can  intervene  between  two  higher  or 
two  lower  contour-lines.    This  follows  from  (8). 

10.  No  contour  line  should  be  drawn  across  a  stream.  The 
contour  turns  upstream  until  it  disappears  in  coincidence  with 
the  line  defining  the  stream  or  ravine.  Questions:  Why  can- 
not a  contour  turn  downstream?  If  the  bed  of  the  stream  or 
the  bottom  of  the  ravine  rises  above  the  plane  of  a  contour  is 
there  an  exception  to  the  rule,  i.e.,  does  the  contour-line  cross? 
Is  (10)  an  exception  to  (7)? 

400.  Ridge  Lines  and  Valley  Lines  indicate  largely  the 
general  character  of  the  surface  of  the  country. 

Ridge  lines  or  watershed  lines:  Lines  along  the  tops  of  ridges 
dividing  watersheds,  i.e.,  on  one  side  of  a  ridge  line  water  will 
flow  in  one  direction,  on  the  other  side  in  the  opposite  direction. 

Valley  lines  or  thalwegs:  Lines  along  the  bottom  of  valleys 
where  the  two  sides  of  the  valley  meet.  They  are  often  indi- 
cated by  streams  and  rivers  which  follow  them. 

The  sharpest  bends  or  curves  in  contour-lines  occur  at  points 
on  ridge  lines  and  valley  lines,  the  convex  side  of  the  curve 
being  toward  the  lower  ground  for  ridges,  toward  the  higher 
ground  for  valleys.  (See  Fig.  398,  p.  338,  and  Fig.  402  (6),  p.  340.) 

401.  Topographic  Surveying.  The  field  work  may  be 
divided  as  follows:  (1)  Establishing  stations  and  main  lines  of 
reference.  (2)  Locating  contours;  (3)  Locating  roads,  build- 
ings, boimdary-lines,  streams,  and  other  details.  (4)  Taking 
field  notes  and  sketching  topography.  The  work  may  be  fur- 
ther subdivided  into  two  parts:  (1)  that  which  pertains  to  hor- 
izontal control  (horizontal  measurements),  and  (2)  that  which 
pertains  to  vertical  control  (leveling  or  hypsometry).  In  small 
surveys  all  of  this  work  may  be  carried  along  simultaneously 
and  by  one  party,  but  in  more  extensive  surveys  it  is  usually 
divided  up,  oce  party  establishing  the  stations  or  princi^^X. 
points  of  horizontal  control,  another  patl^  ee\iaN:>\i!^C^Ti%N>aa  ^«»- 
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vBtkms  o!  stations,  of  bench-marke,  and  ot  other  points  at  verti- 
cal control,  while  other  parties  follow,  filling  in  wntours  and 
topographic  details.     No  new  principles  are  involved. 

Points  of  horizontal  control  are  established  by  traversee 
(Chapter  XII)  or  by  triangulation  (Chapter  XVI),  while  detaib 
are  located  by  the  methods  of  Chapter  XIII. 

Points  of  vertical  control  are  established  by  spirit-leveling, 
trigonometric  leveling,  or  by  the  use  of  the  aneroid  barometer 
(Chapters  XIX-XXI).  The  distinguishing  characteristic  of 
topographic  surveying,  however,  is  tie  location  and  sketching 
of  contours,  and  this  part  of  the  work  calls  for  further  ex- 
planation. 

402.  Locating  Contours.  There  are  two  geneml  methods: 
(1 )  locating  points  on  each  contour  near  enough  together  to 
detennine  the  contour-hne,  and  (2)  locating  points  at  random, 
but  so  chosen  that  when  they  are  plotted,  contour-lines  can  be 
interpolated.  In  either  case  each  point  must  be  located  with 
respect  to  some  line  between  stations  (horieontal  control),  and 
its  elevation  determined  with  respect  to  the  assumed  datum 
(vertical  control). 

(a)  lUuttralion.  Method  (a).  In  Fig.  402  la)  the  doti  represent  points  lo- 
osled  in  (he  fieid.     These  poiots  were  talien  firs^  en  or     --' ^  "   - 
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403.  MethodsofHorfzontal  Control,  (a)  Location  of  refer- 
ence-lines. In  an  extensive  survey  the  first  step  is  to  estabtuih 
the  most  important  or  primary  stations.  This  is  usually  done 
by  triang\ilation,  and  in  Chapter  XVI  suggestions  are  given 
for  locating  the  base-line,  choosing  stations,  building  signals, 
and  carrying  on  the  work  of  triangulation.  Starting  from  any 
triangulation  station,  traverses  may  be  run  to  establish  secondary 
stations,  each  traverse  closing  on  some  primary  station,  though 
not  necessarily  upon  the  one  from  which  it  started,  la  this 
way  the  hnes  between  triangulation  stations  form  a  skeleton 
upon  which  the  survey  is  built,  and  this  skeleton  is  further  de- 
veloped by  traverse- lines,  until  every  portion  of  the  ground  is 
covered.  Any  of  the  methods  of  Chapter  XII  may  be  used 
for  running  traverses.  The  azimuth  method  is,  perhaps,  the 
best,  eKcept  for  work  in  cities  and  in  other  places  where  the 
needle  is  useless  as  a  check.  The  compass  or  the  plane-table 
ia  often  used,  either  in  connection  with  transit  traverses  or  in 
place  of  them. 

Rrmarh.     For  email  areas  trianBulatior  is  unnecessary,  and   only  on* 

to  estabUsh  primary  stations  by  triangulalion.  secondary  stations  by  run- 
ning transit-lines,  and  still  other  stsMnoi  by  the  comnsiw  inetboil  or  by  tba 
UK  of  the  pUne-table,     (See  seventh  illuatratiun,  p.  3j2.) 

(f>)  Seference  meridian.  In  extended  topographic  surveys 
U  is  customary  to  estabUsh  a  true  meridian  (see  Chapter  XXVIII) 
and  to  "tie"  the  skeleton  of  the  survey  to  this  meridian.  The 
roost  direct  method  of  tying  to  the  meridian  is  to  measure  the 
•n^  between  this  meridian  and  Eome  toaiu^uiift  cA  ^.V&%^vtN<?3l 
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then  the  true  bearing  of  the  remaining  h'nes  may  be  calculated. 
The  angle  may  be  measured  by  repetition,  as  explained  on  p. 
195,  several  sets  being  taken.    (See  also  p.  389,  Art.  445  (3).) 

(c)  Location  of  details.  Details  are  located  from  the  nearest 
or  most  convenient  stations  by  the  methods  of  Chapter  XIII. 
Important  points  near  stations  are  usually  located  by  angle  (or 
azimuth)  and  distance,  but  for  much  of  the  work  methods  in- 
volving linear  measurements  only  are  used.  Thus  roads, 
streams,  fences,  and  even  buildings  may  be  located  wholly  by 
offsets  (p.  138).  For  indefinite  Unes,  such  as  edges  of  woods, 
banks  of  rivers,  and  irregular  roads,  the  method  of  intersections 
(p.  137)  is  a  rapid  method,  especially  if  a  plane-table  is  used, 
and  it  is  accurate  enough  for  the  purpose. 

(d)  Location  of  contours.  As  far  as  horizontal  control  is  con- 
cerned, it  makes  no  difference  whether  the  points  to  be  located 
are  on  the  contours  themselves  (Method  (a),  p.  340),  or  whether 
they  are  taken  at  random  for  interpolating  contours.  Any 
point  may  be  located  by  some  one  of  the  seven  methods  given  on 
p.  4,  but  probably  the  method  most  used  is  the  angle-and- 
distance  method.  For  angular  measurements  the  azimuth 
method  is  used  perhaps  more  frequently  than  the  direct-angle 
method,  because  of  the  ease  with  which  readings  may  be  checked 
by  the  needle.  For  linear  measurements,  the  stadia  is  more 
useful  than  the  tape,  since  it  is  quicker,  and  the  accuracy  re- 
quired for  side  shots  is  not  great.  Other  methods  of  horizontal 
control  include  dividing  the  area  into  squares  or  rectangles 
(Method  (c)  p.  341 ;  see  also  fourth  illustration, p.  350),  by  locating 
contour  points  on  Unes  at  right  angles  to  the  transit-line  (Offset 
method;  see  fifth  illustration,  p.  351),  and  by  intersection  (a 
method  used  principally  in  plane-table  work). 

(e)  The  method  of  procedure  at  any  one  station  is  outlined  on  page  154 
for  the  d*rect-aagle  method,  and  page  156  for  the  azimuth  method.  If 
traverse-lines  and  other  reference -lines  have  been  established,  some  of  the 
steps  pertaining  to  the  location  of  stations  may  be  omitted — simply  follow,, 
the  directions  for  taking  side  shots.  In  such  a  case  the  work  of  locating 
contours  may  be  begun  at  any  station,  but  in  the  case  of  the  azimuth  method, 
the  following  precaution  must  be  observed. 

(/)  Precaution.  In  starting  at  any  station  the  transit  must  be  oriented 
by  backsighting  along  some  main  line  of  the  survey,  the  vernier  being  pet 
at  the  azimuth  (or  back  azimuth)  already  determined  for  that  line,  so  that 
all  azimuths  will  be  measured  from  lines  parallel  to  the  same  reference 
meridian.  Sometimes  when  the  main  lines  have  not  been  run  by  the 
azimuth  method,  but  it  is  desired  to  use  that  method  for  side  shots,  the 
bearing  of  the  backsight  has  to  be  calculated  (p.  126),  and  this  bearing 
changed  to  the  corresponding  azimuth.  When  the  reference  meridian  is 
a  true  north  and  south  line,  it  is  well  to  set  o£f  the  declination  arc  (p.  124). 
(i^J  Precautions  in  esUtblishing  aubataHom,    When  it  becomes  necessary 
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ibo  establish  a  substation  more  care  should  be  exercised  than  for  an  ordinary 
side  shot.  Thus,  for  example,  the  azimuth  should  be  checked  by  tb« 
needle,  and,  if  the  stadia  is  used,  the  distance  should  be  read  from  each 
end  of  the  line.  The  correct  location  of  all  points  taken  at  a  substation 
depends  of  course  upon  the  correct  location  of  the  substation  itself. 

Ih)  Reading  horizorUal  angles  to  contour-points.  Side  shots  are  rarely 
longer  than  500  ft.  An  error  of  10  minutes  amoimts  to  a  displacement 
of  not  more  than  li  ft.  at  500  ft.,  and  of  only  about  0.3  ft.  at  100  ft.  from 
the  transit  (p.  105).  As  it  makes  little  difference  whether  a  contour-point 
is  one  or  two  feet  one  way  or  the  other,  and  as  limb-readings  can  be  esti- 
mated easily  to  less  than  ten  minutes,  it  follows  that,  as  a  rule,  it  i»  not 
necessary  to  read  the  vernier  in  loccUing  contour-points — simply  estimate  the 
reading  from  the  limb, 

404.  Methods  of  Vertical  Control,  (a)  Primary  stations. 
The  first  step  is  to  ascertain  the  elevations  of  the  principal  stations, 
or  else  to  establish  bench-marks  near  them,  so  that  a  party  can 
start  from  any  station  to  locate  contours,  or  several  parties 
can  start  simultaneously  from  different  stations.  When  the 
principal  stations  are  located  by  triangulation,  it  involves,  very 
little  additional  field  work  to  ascertain  their  elevations  by  trigo^ 
nometric  leveling, — simply  measure  the  vertical  angles.  (See 
Triangulation  and  Trigonometric  Leveling,  p.  200.)  Another 
method  is  that  of  spirit-leveling,  and  still  another,  for  rough 
work,  is  barometric  leveling  (pp.  245  and  265).  Sometimes 
all  three  methods  are  used. 

(6)  Elevations  of  traverse  stations  or  nearby  bench-marks 
are  usually  determined  by  spirit-leveling,  the  leveling  party 
following  close  behind  the  traverse  party.  For  compass  trav- 
erses the  aneroid  barometer  will  sometimes  give  close  enough  re- 
sults (p.  267).  Permanent  bench-marks  should  be  placed  near 
stations  and  in  other  places  where  they  will  be  of  use  in  contour 
work. 

(c)  Elevations  of  contour-points.  When  each  contour  is  run 
in  separately  (Method  (a),  p.  340),  points  at  the  elevation  of  the 
contour  are  usually  determined  by  spirit-leveling,  either  an 
ordinary  level  or  a  hand-level  being  used.  The  spirit-level 
may  be  used  also  for  finding  the  elevations  of  points  taken  at 
random  (Method  (6),  p.  340),  but  when  such  points  are  on 
steep  slopes  not  many  of  them  can  be  taken  without  moving  the 
level — a  decided  disadvantage.  It  is  better  in  such  cases  to 
use  the  stadia- vertical-angle  method  (explained  on  p.  308), 
so  that  points  up  and  down  the  slope  can  be  taken  from  one 
set-up.  A  third  method  used  in  rough  work  is  to  find  the 
elevation  of  points  by  the  aneroid  barometer. 

(d)  Reading  vertical  angles  to  contour-points.     T\i<&  dvc^cAXo^ia  Vo-x  \sv«^xa- 
iog  horizontal  angles  (Art.  403  {h) )  hold  goodl  iot  \^TX\<i«\ «oa^«^9.  ^'s^'^k.   ^^x  ^ 
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right  from  100  to  200-ft.  long  an  error  of  10  min.  causes  an  error  of  from 
0.3  ft.  to  0.6  ft.  in  elevation;  this  is  no  more  than  the  difference  in  height 
between  the  top  and  bottom  of  a  grass  hummock,  hence  the  absurdity  of 
reading  vertical  angles  to  the  nearest  minute  in  getting  heights  for  contours 
in  ordinary  work.  Occasionally,  on  long  sights,  it  may  be  necessary  to 
consult  the  vernier,  but  meat  of  the  angles  ahould  be  read  directly  from  tiie 
vertical  arc^  estimating  the  minutes.     (See  p.  309.) 

405.  Choosing  Stations  for  Horizontal  Control.    When 

stiEktions  for  horizontal  control  are  established  by  triangulation, 
the  accuracy  of  the  work  will  depend,  to  a  great  extent,  on 
the  proper  proportions  of  each  triangle  (p.  192).  When  traverses 
are  run,  the  suggestions  for  choosing  stations  given  in  Art.  216, 
page  149  should  be  followed.  In  general,  contours  are  most  easily 
controlled  from  stations  along  ridge  lines  and  valley  lines. 
Stations  should  be  located  also  near  prominent  topographic 
features,  such  as  deep  gulleys,  high  cliffs,  ponds,  lakes,  and 
watercourses.  (See  Art.  247,  p.  192  for  other  suggestions  con- 
cerning the  choice  of  primary  stations.) 

406.  Choosing  Stations  for  Vertical  Control.  In  tri- 
angulation, stations  should  be  chosen  with  proper  regard  for 
vertical  control  as  well  as  horizontal  control,  especially  if  trigo- 
nometric levehng  is  employed.  In  traverses,  if  the  suggestions 
of  the  preceding  paragraph  are  followed,  the  stations,  as  a  rule, 
will  be  well  located  for  vertical  control. 

407.  Choosing  the  Controlling  Points  of  Contours.  In 
running  in  contours  by  Method  (a),  p.  340,  points  should  be 
chosen  near  enough  together,  so  that  no  appreciable  error  will 
exist  when  the  contour-lines  are  sketched  through  them.  This 
will  depend  to  a  large  extent  upon  (1)  the  regular  or  irregular 
nature  of  the  ground,  and  (2)  upon  the  scale  adopted  for  the 
map.  The  critical  points  of  contours  are  usually  apparent  to 
the  eye  and  these  points  should  always  be  taken.  Thus,  points 
should  be  near  together  at  sharp  curves  or  abrupt  changes  in 
direction, — farthest  apart  where  contours  are  nearly  straight. 
In  uniform  slopes  the  highest  and  lowest  contours  ha\'ing  been 
run  in,  the  others  can  frequently  be  interpolated  without  any 
field  work,  or  perhaps  every  fifth  contour  may  be  located  and 
the  others  interpolated. 

(a)  When  contours  are  interpolated  from  points  taken  at  ran- 
dom  (second  method,  p.  340)  the  preceding  suggestions  still 
hold  good,  the  points  in  general  being  taken  close  together  for 
uneven  ground  or  steep  slopes  and  farther  apart  for  even  ground 
fw  gentle  slopes.    In  this  method  pomts  on  ridge  lines,  valley 
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lines,  tops  and  bottoms  and  changes  of  slope  should,  as  far  as 

possible,  be  located. 

In  either  method  it  is  a  waste  of  time  to  take  points  too  near 
together  when  the  scale  of  the  map  is  small,  while  it  leads  to 
inaccuracy  to  take  them  too  far  apart  when  the  scale  is  large. 

408.  Choosing^  Contour  Intervals.  The  contour  inter- 
val depends  almost  entirely  upon  the  purpose  of  the  survey. 
Thus,  for  example,  in  the  survey  of  a  city  lot,  a  two-foot  inter- 
val or  even  a  one-foot  interval  may  be  necessary;  for  the  pre- 
liminary survey  in  railway  location  a  five-foot  interval  is  often 
adopted;  for  more  extended  surveys,  such  as  the  United  States 
Geological  Survey,  20-ft.,  50-ft.,  and  even  200-ft.  intervals 
are  used. 

409.  The  Choice  of  Methods  and  of  Instruments  in 
topographic  surveying  depends  upon  the  nature  of  the  ground 
and  the  purpose  for  which  the  survey  is  made,  especially  upon 
the  related  questions  of  speed  and  accuracy.  Practically  every 
method  and  every  instrument  may  be  used  to  advantage  at  one 
time  or  another  in  topographic  surveying.*  Even  in  the  same 
survey  various  parts  of  the  work  may  call  for  the  use  of  dif- 
ferent methods  and  different  instruments.  Thus,  for  example, 
in  an  extensive  survey  less  accurate  methods  and  instruments 
are  used  for  running  secondary  traverses  than  for  establishing 
the  primary  stations  or  skeleton  upon  which  the  survey  is  hung, 
while  the  contours  and  topographic  details  may  be  filled  in  by 
the  use  of  still  less  accurate  methods  and  instruments. 

The  instruments  and  methods  chosen  for  vertical  control 
i^ould  correspond  in  accuracy  to  those  chosen  for  horizontal 
control.  For  example,  if  rough  instruments  are  used  for  locating 
points,  rough  instruments  are  used  for  finding  their  elevations. 
There  are,  of  course,  exceptions  to  this  rule.  Consistent 
aocuraey  should  be  maintained  between  linear  and  angular 
measur^nent.  For  example,  it  is  necessary  to  measure  the  base- 
line of  the  triangulation  with  great  accuracy,  but  oompass- 
Hnes  may  be  measured  roughly  or  even  paced  in  some  cases. 

The  number  of  possible  combinations  of  instruments  and  of 


♦  Even  the  camera  may  be  used  to  advantage  in  topographic  surveys 
extending  ov«r  large  areas,  and  the  science  of  photographic  surveying 
oonstitutes  a  branch  in  itself.     See  Wilson's  Topographic  Surveying,  p.  2V2, 
and  An  Elementary  Treatise  on  Photographic  Methods  and  £n%i^u,■«^A■\a^  >c»^ 
$,  A.  FlMner  (John  Wiley  and  Sons). 
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methods  is  too  large  to  be  given  in  detail,  but  some  of  the 
most  common  combinations  are  suggested  below. 

Combinations  of  Instroments  and  Methods 


Horizontal  Control 

Vertical  Control 

Points  Located 

Instruments' 

Methods 

Instruments 

Method  of 
Leveling 

Triangulation  Sta- 
tions 
Primary  Traverse 

Secondary      ** 
••             •< 

«.             •« 

Contours 

*  • 

••••■■*•. 

•  • 

Transit 

Transit  and 
tape 

Transit,   tape 
or  stadia 

Compass  and 
chain 

Plane     table, 
tape  or  sta- 
dia 

Transit,   tape 
or  stadia 

Compass, 
chain     or 
pacing 

Plane     table, 
tape  or  sta- 
dia 

Traverse 
board,  chain, 
pacing 

Triangulation 
Traversing 

Traversing — 
Azimuths 

Traversing — 
Bearings 

Traversing 

Azimuths    or 

squares 
Bearings      or 

squares 

Radiation,  in- 
tersections 

Radiation,  in- 
tersections 

Transit    or 

level 
Level 

Level 

Level  or  ba- 
rometer 

Level  or  ba- 
rometer 

Transit    or 
level 

Level  or  ba- 
rometer 

Level  or  ver- 
tical arc 

Hand  level  or 
barometer 

Tri^nomet- 

ric  or  spirit 
Spirit 

Spirit 

Spirit  or  bar- 
ometric 

Spirit  or  bar- 
ometric 

Vertical  augle 
or  spirit 

Spirit  or  bar- 
ometric 

Spirit  or  ver- 
tical angle 

Spirit  or  bar- 
ometric 

410.  Field  Notes.  There  are  two  general  methods  of  keep- 
fiig  field  notes  in  topographic  surveying:  (1)  Keeping  them 
according  to  one  of  the  methods  of  Chapter  XV,  making  no 
attempt  to  plot  to  scale.  (2)  Plotting  the  notes  to  scale  and 
carefully  sketching  the  contour-hnes  in  the  field.  The  latter 
method  requires  more  time  in  the  field,  but  saves  time  in  the 
office.  The  first  method  is  generally  used  for  small  areas,  the 
second  for  large  areas. 

First  Method.  The  combination  method  (p.  166)  is  gener- 
ally preferred.  The  points  on  the  sketch  on  the  right-hand 
page  should  be  carefully  numbered  to  conform  to  some  well- 
understood  system.  Thus,  for  example,  all  points  on  the  100- 
ft.  contour  may  be  numbered  100  regardless  of  location,  all 
points  on  the  105-ft.  contour  may  be  numbered  105  and  so  on, 
the  location  of  the  points  being  given  in  the  tabulated  form  on 
the  left-hand  page.  If  points  are  taken  at  random  and  contours 
afterwards  interpolated,  it  is  better  to  give  each  point  a  sepa- 
number,  and  to  note  its  elevation  in  a  column  set  apart 
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for  that  purpose.  Notes  for  stations  and  details  are  kept  by 
the  usual  methods. 

Second  Method:  For  large  areas  the  results,  as  a  rule,  will  be 
far  more  satisfactory  if  the  topography  is  plotted  in  the  field. 
There  are  two  ways  of  doing  this :  (1)  By  the  use  of  the  plane- 
table  and  (2)  by  the  use  of  ordinary  plotting  methods.  The 
plane-table  is  especially  useful  for  filling  in  details  from  stations 
which  have  been  established  previously  by  more  accurate  in- 
struments. Sometimes  the  entire  survey  can  be  made  with  it. 
(See  Chapter  XXVI.)  When  ordinary  plotting  methods  are 
used  angles  and  distances  are  plotted  as  fast  as  measured,  and 
contours  sketched  in.  In  this  way  errors  and  omissions  are 
likely  to  be  detected  and  doubtful  points  settled.  Thus,  with 
the  land  actually  before  him,  the  topographer  can  secure  a 
more  truthful  representation  of  it  than  he  could  otherwise. 
Various  devices  are  used  to  facilitate  the  plotting,  such  as  sketch- 
ing-boards, various  forms  of  protractors,  and  especially  de- 
signed cross-section  paper. 

Sketching.  In  order  to  sketch  topography  successfully  in  the 
field,  one  must  have  a  faculty  of  selecting  the  most  important 
topographic  features  and  transmitting  them  to  paper  in  their 
proper  relations.  This  sense  of  topography  comes  only  from 
long  experience.  In  ordinary  class  work  the  beginner  first 
plots  points  of  known  elevation,  as  fast  as  they  are  determined, 
and,  guided  by  these  points,  he  sketches  in  each  contour;  his 
imagination  aided,  j>erhaps,  by  the  conception  of  a  water  surface. 
(See  suggestion  p.  337.)  Successive  points  on  the  same  contour 
should  be  joined  as  soon  as  they  have  been  plotted,  by  an  irregu- 
lar line  which  corresponds  as  nearly  as  possible  to  the  actual 
contour  which  it  represents.  If  contours  are  interpolated,  they 
should  be  carried  along  in  a  similar  manner.  It  answers  the 
purpose  in  many  cases  simply  to  interpolate  contour  points  by 
eye;  for  more  accurate  methods  of  interpolation  see  page  497. 
Each  contour  should  be  marked  in  one  or  more  places  with  its 
elevation. 

(a)  Pradical  9ugaesHona.  (1)  Even  when  the  combination  method  is 
used,  it  is  best  to  sketch  the  contours  as  correctly  as  possible  on  the  right- 
hand  pa^e  of  the  note-book.  A  very  good  book  for  this  purpose  has  the 
page  divided  bv  radiating  lines  and  concentric  circles,  so  that  a  point  can 
Se  plotted  quickljr  by  azimuth  and  distance  without  the  use  of  instruments. 
(2)  A  common  mistake  is  to  record  the  azimuth  to  one  point  and  the  dis- 
tance to  another  point,  as  if  they  were  taken  to  the  same  point.  (3)  When 
notes  are  plotted  in  the  field,  the  drawing-board  m.av  b^  Tcv«v3sv\fe^ /sa. 
a  thpoci  and  set  up  near  the  transit.    Instead  ol  Migiviv^*.  vx^'^^w:^'^^^'^ 
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sometimes  moi9  eonvenient  to  plot  the  notes  on  paper  or  BristQl4)oard 
which  has  printed  upon  it  a  full  circle  graduated  to  quarter  degrees.  This 
paper  comes  in  sheets  and  may  be  obtamed  from  dealers  in  such  suppUes. 

(4)  Keep  track  of  points  as  fast  as^  they  are  plotted  by  marking  each  point 
with  its  elevation.  This  is  especially  important  when  points  are  taken 
at  random  and  contours  are  interpolated,  otherwise  confusion  will  result. 

(5)  A  disadvantage  common  to  all  plotting  operations  in  the  field,  includ- 
ing the  plane-table,  is  the  change  m  the  paper  due  to  moisture.  This  is 
partially  overcome  by  using  mounted  F>aper,  and  by  dampening  it  slightly 
before  stretching  it  on  the  board.  Let  the  paper  extend  over  the  edges  of 
the  board  and  fasten  it  on  the  under  side  by  thumb-tacks  close  together. 
Sometimes  mucilage  is  used.  ^  In  very  damp  places,  where  water  is  likely 
to  drip  on  the  board,  celluloid  sheets  have  been  used  in  place  of  paper. 

(6)  The  suggestions  for  choosing  a  scale  for  plane-table  work  (p.  328)  hold 
good  for  topographic  work  also. 

411.  Field  Routine*  On  page  346  several  combinations 
of  instruments  and  of  methods  are  suggested  for  topographic 
surveying.  In  this  article  the  field  routine  corresponding  to 
each  of  several  combinations  is  outlined.  It  is  assumed  in 
each  illustration  that  the  stations  are  chosen  in  accordance 
with  Art.  405,  p.  344,  that  the  contour  interval  has  been  adopted 
to  suit  the  purpose  of  the  survey  (p.  345),  that  all  details,  other 
than  contours,  are  located  by  the  usual  methods  (Chapter 
XIII),  and  that  the  controlling  points  of  contours  are  chosen 
according  to  Art.  407,  p.  344.  The  main  points  to  be  brought 
out  are:  (1)  How  controlling  points  are  located  horizontally f 
and  (2)  how  their  elevations  are  determined,  (3)  How  to 
start  at  any  station.  (4)  How  the  levelman,  the  transitman, 
and  other  members  of  the  party  may  work  together  to  economize 
time. 

Each  illustration  begins  with  a  statement  of  the  extent  of  the 
survey,  the  accuracy  and  speed  required,  the  instruments  chosen, 
and  the  methods  used.  It  is  understood  that  the  work  per- 
taining to  horizontal  control  and  that  pertaining  to  vertical  con« 
trol  are  carried  on  simultaneously,  as  far  as  possible. 

Remark.  The  methods  of  procedure  given  in  the  foUowing  illustration* 
may  be  modified  in  many  ways  to  suit  conditions.  Thus,  for  example,  it 
is  often  advantageous  to  use  the  direct-angle  method  in  place  of  the  azimuth 
method,  especially  if  stations  cannot  be  occupied  in  regiilar  order  (p.  129). 
The  illustrations  suggest  how  to  proceed  for  different  combinations  of  in- 
struments and  of  methods — thin  is  the  first  thing  to  learn;  then  the  student 
should  begin  a  study  of  the  advantages  and  disadvantages  of  the  different 
combinations,  a  full  knowledge  of  which  can  be  gained  only  by  extended 
experience  in  the  field.  Sp>ecial  attention  is  called  to  the  last  illustration  on 
p.  3o2»  since  it  combines  in  one  survey  nearly  all  the  methods  of  topographic 
survesring  and,  hence,  serves  as  a  summary  of  this  chapter. 

(a)  First  Illustration.  Conditions:  comparatively  small 
area,  fair  degree  of  accuracy,  medium  speed,  5-ft.  contour  in- 
terva}.     Instruments:  transit,  level,  and  leveling-rod  (used  also 

a  stadia-rod).      Methods:    azimuth  method   (p.   156)    and 
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Btadia  method  (p.  300)  for  horizontal  control;  spirit-leveling 
for  vertical  control;  method  of  running  in  contours  by  ascer- 
taining points  through  which  they  pass  (Art.  402  (a),  p.  340), 
Party:  transitman,  note-keeper  or  draftsman,  levelman,  and 
rodman. 

Method  of  procedure  for  the  levdman.  (1)  Set  up  where  a  backsight  can 
be  taken  on  some  bench  near  by,  and,  at  the  same  time,  near  enough  to  the 
transit  station  so  that  any  point  which  can  be  seen  from  the  transit  wiil 
be  visible  from  the  level  also.  (It  is  assumed  that  benches  have  already 
been  established  near  stations.)  (2)  Backsight,  find  H.I..  figure  the  grade* 
rod  for  one  of  the  contours..  (See  p.  243  for  grade-rod.)  It  is  well  to 
begin  with  the  highest  contour  that  ean  be  run  in  from  the  first  set-up  of 
the  level  and  work  down  hiU,  or  else  begin  with  the  lowest  and  work  up  hiU. 
(3)  When  as  much  of  the  nrst  contour  has  been  run  in  as  can  be  located 
conveniently  from  the  transit  station,  run  in  two  more  in  the  same  way. 
moving  the  target  5  ft.  for  each  contour,  hy  this  time  it  will  be  neces- 
sary to  move  the  level,  hence  establish  a  turning-point  as  far  down  hill  or 
up  hill  as  practicable,  set  up  the  level  as  far  down  hill  or  up  hill  as  the 
turning-point  will  permit,  find  the  new  H.L  and  the  new  grade-rod  for  the 
next  contour,  and  proceed  as  for  the  first  set-up,  (4)  Continue  the  work, 
moving  the  level  as  often  as  may  be  necessary  until  all  the  contour-poiuts 
that  can  be  located  advantage  ously  from  the  transit  station  have  been  taken* 
If  the  work  has  been  carried  on  down  hill  from  the  station,  it  may  be  neoes> 
sary  to  start  again  at  the  bench-mark  and  work  up  hill,  or  vice  versa.  When 
benches  have  not  been  established  near  the  stations,  it  may  be  necessary 
to  take  extra  turning-points  in  carrying  the  work  from  one  station  to  the 
next ;  otherwise  it  is  better  to  start  anew  at  each  station  by  backsighting 
en  the  bench-mark  near.it. 

Method  of  procedure  for  the  rodman.  (1)  Check  the  grade-rod  for  the 
first  contour  as  figured  by  the  levelman,  set  the  target,  find  a  point  on 
the  contour  by  moving  the  rod  up  hill  or  down  hi)l  until  the  levelman 
signals  that  the  hne  of  sight  strikes  the  target,  and  then  hold  the  rod  for 
the  transitman  to  take  a  stadia  reading.  (The  levelman  should  not  spUt 
hairs  in  sighting.  Often  it  will  be  close  enough  if  the  line  of  sight  strikes 
anywhere  on  tne  target.)  (2)  Repeat  for  other  points,  selecting  only 
critical  points  along  the  contour.  (See  p.  844.)  (3)  Check  the  grade-rod 
for  the  next  contour,  set  the  target,  and  run  in  this  contour  by  selecting 
critical  points  as  before.  Repeat  for  all  the  contours,  establishing  turning 
points  whenever  it  becomes  necessary  to  move  the  level  up  hill  or  down 

Method  of  procedure  for  the  transttrnan.  (1)  Set  up  and  orient  the  transit 
(p.  125).  Assuming  that  transit  stations  have  not  been  established,  it  will  be 
necessary  at  the  first  station  to  assmne  the  meridian  of  the  survey.  (See  p.  121 .) 
At  other  stations  the  azimuths  of  lines  must  be  with  reference  to  this  meridian. 
(See  precaution,  403  (/),  p.  342  )  (2)  Take  the  azimuths  to  contour-points 
as  fast  as  these  points  are  estabfished  by  the  level  party,  reading  the  corre- 
sponding stadia  distance  and  vertical  angles.  (It  is  not  necessary  to  read 
the  vernier  for  vertical  angles  in  ordinary  work — estimate  the  minutes.) 
(See  Art.  152  (d),  p.  109.)  vertical  angles  less  than  from  3**  to  5°  may  be 
ignored.  (See  p.  307.)  (3)  Observe  the  method  of  procediu«  for  the 
azimuth  method  (given  on  page  156)^  in  running  transit  lines,  and  read  the 
stadia  distance  between  stations  twice,  once  from  each  end  of  the  line. 
Check  the  azimuths  of  all  transit  lines  by  the  needle,  and  check  at  least 
every  fifth  side  shot  in  the  same  way. 

Method  of  procedure  for  the  draftsman,  (Vi  is  assumed  that  the  notes  are 
plotted  in  the  field  as  fast  as  they  are  taken.)  (1)  Set  up  the  plotting- 
board  near  the  transit.  If  it  is  the  first  station,  draw  a  long  line  near  the 
center  of  the  board  to  represent  the  meridian.  Azimuths  majj  be  plotted 
directly  from  this  line  or  from  parallel  lines  through  the  stations,  as  ex- 
plained in  the  chapter  on  Plotting  Transit  Lines,  Part  II.  Use  a  protractor 
for  ordinary  work  or  ehe  some  form  of  plotting-paper.  (See  p.  347.)  (2) 
Plot  the  azimuth  to  each  point  as  soon  as  it  is  taken,  and  then  the  stadia 
distance,  reducing  the  latter  to  a  horizontal  distance  when  the  vertical 
aogle  is  greater  than,  say,  3**  (p.  480).  Keep  track  of  points  by  marV-vcvs?, 
near  each  one  the  elevation  of  the  contour  which.  r>aa>§>%?.  \?at«v\\^  >Xn^^^^ 
sAcetch  in  eaoh  eontour-Dne  as  fast  as  it  is  deteTmrn^dYrs  ^^*  \\oVXfe^  v'^wxXs.^^ 
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try  to  reproduce  each  contour  as  it  actually  appears  on  the  ground.  When 
the  points  have  been  taken  too  far  apart  and  the  sketch  shows  the  need 
of  more  points,  indicate  to  the  level  party  where  the  additional  points  are 

When  the  notes  are  not  plotted  in  the  field,  use  the  combination  method 
and  the  form  of  notes  shown  on  page  311,  but  make  the  sketches  on  the 
right-hand  pages  represent  the  actual  contours  as  nearly  as  possible. 

(6)  Second  Illustration.  Conditions:  Same  as  in  the  preced- 
ing illustration,  except  that  points  are  taken  at  random  and  con- 
tours are  interpolated.  Methods:  The  only  change  in  routine  is 
in  the  leveling  and  in  the  plotting.  The  rodman  selects  critical 
points  where  the  slope  changes  (p.  344),  and  the  elevation  of 
each  point  as  determined  by  the  level  party  is  given  to  the 
draftsman.  The  latter  plots  these  points  as  in  the  preceding 
illustration,  and  marks  tne  elevation  of  each  point;  but  instead 
of  sketching  contour-lines  through  the  points,  he  interpolates 
them  as  fast  as  the  plotted  points  permit  him  to  do  so. 

(c)  Third  Illustration.  Conditions:  an  area  of  considerable 
extent,  medium  accuracy,  rather  high  speed.  Instruments:  tran- 
sit and  stadia-rod  or  leveling-rod,  board  mounted  on  a  tripod, 
with  accessories  for  plotting,  including  protractor,  scale,  and 
triangles.  Methods:  azimuth  method  and  stadia  method  for 
horizontal  control,  vertical  angle  and  stadia  for  vertical  con- 
trol (p.  308) ;  points  chosen  at  random  for  interpolation  of  con- 
tours, (p.  340).  Party:  transitman,  rodman,  a  computer,  and 
a  draftsman. 

Method  of  procedure  for  the  transitman.  (1)  Set  up  and  orient  the  transit 
as  in  the  first  illustration.  (2)  Co-operate  with  the  rodman  in  setting  the 
target  in  order  to  determine  elevations  as  explained  on  page  264.  Take 
the  azimuth,  the  stadia  reading,  and  the  vertical  angle  to  each  point  where 
the  rod  is  held.  (3)  Unless  the  lines  between  stations  have  already  been 
established,^  locate  them  as  usual.  (See  first  illustration.)  Usually  in 
this  work  it  is  better  to  estabUsh  bench-marks  near  stations  by  spirit- 
leveling,  but  if  this  has  not  been  done  it  will  be  necessary  for  the  tranat- 
man  to  determine  elevations  from  station  to  station  by  vertical  angles. 

Method  of  procedure  for  the  rodman.  (1)  Set  the  target  (or  the  rubber 
band  on  the  rod)  from  the  nearest  bench,  or  in  scxne  cases  from  the  transit 
station  (pp.  244  and  264).  (2)  Hold  the  rod  on  ridge  lines,  valley  lines, 
wherever  the  slope  changesj  and  at  other  critical  points  (p.  344).  Co- 
operate with  the  draftsman  in  determining  what  points  are  needed. 

Method  of  Tprocedure  for  the  computer.  Compute  the  horizontal  distance 
from  the  station  to  a  point  as  soon  as  the  transitman  has  given  the  stadia 
reading  and  the  vertical  an^le*  while  the  draftsman  is  plotting  the  point, 
find  the  corresponding  vertical  distance,  and  from  that  ascertain  the  ele- 
vation of  the  point  with  respect  to  the  datum  used  for  the  surv'ey.  See 
that  the  elevation  of  each  point  is  marked  near  its  plotted  position.  Use 
the  table  in  the  back  of  the  book  for  reducing  stadia  readings. 

Method  of  procedure  for  the  draftsman.  Plot  the  azimuth  of  the  line  to 
each  point  as  soon  as  the  transitman  reads  it  (see  first  illustration);  plot 
the  distance  as  soon  as  the  computer  has  ascertained  it;  mark  the  eleva- 
tion near  each  point  as  soon  as  the  computer  has  calculated  it.  Be  careful 
to  keep  track  of  the  azimuth,  distance,  and  elevation  of  each  point  until 
there  is  no  chance  of  using  any  one  of  these  three  data  in  connection  with 
some  other  point.  Sketch  in  the  contours  as  fast  as  they  can  be  inter- 
polated from  the  points  plotted,  always  with  due  regard  to  the  ground  as 
it  appears  to  the  eye ;  when  in  doubt  call  for  other  points  to  be  taken  near 
the  doubtful  places. 

^^   Fourth   Illustration.     Conditions:    small  area,  high 
degree  of  accuracy,  low  speed.      Insiruments:   transit,  tape, 
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leveling-rod,  and  level  (or  the  transit  may  be  used  as  a  level). 
Method:  area  subdivided  into  squares  or  rectangles  for  hori- 
zontal control,  elevations  of  the  comers  of  the  squares  or  rect- 
angles taken  for  vertical  control,  contours  interpolated  (p.  341). 

Routine  of  the  field  work.  Decide  how  to  lay  out  the  squares  in  order 
to  cover  the  ground  to  the  best  advantage,  what  size  to  make  them,  and 
in  what  direction  to  run  the  Unes  (p.  341 ).  Stake  out  the  squares  with  the 
transit  and  tape.  (Two  or  three  set-ups  on  the  outside  corners  will  usually 
suffice,  the  interior  stakes  being  lined  in  by  eyje.)  Backsight  on  a  bench 
near  by,  or  establish  one  if  none  exists,  find  the  elevation  of  the  ground  at 
each  stake  and  in  between  if  there  is  a  sudden  change  in  elevation,  and  thus 
determine  points  from  which  the  contours  can  be  interpolated.  The  level 
notes  should  include  sketches  on  the  right-hand  pages,  carefully  lettered 
and  numbered  according  to  some  well-understood  system  (p.  341),  and 
showing  all  dimensions  and  measurements  necessary  for  plotting. 

Note,  This  same  method  may  be  modified  tot  very  rough  work  by 
using  the  compass  for  running  out  the  lines,  and  a  clinometer  or  some  other 
rough  instrument  for  ascertaining  the  elevations.  Where  the  contour  in- 
terval is  large,  the  barometer  may  be  used  for  vertical  control,  readings 
being  taken  from  the  altitude  scale.  ^  If  bench-marks  have  been  established 
here  and  there,  and  the  barometer  is  reset  to  correspond  to  the  elevation 
of  a  bench-mark  whenever  there  is  an  opportunity,  contours  may  be  sketched 
in  a  fairly  satisfactory  manner  by  this  method.  It  could  be  used,  for  ex- 
ample, in  combination  with  more  accurate  methods  for  securing  a  rough 
topographic  map  of  a  large  wooded  area. 

(e)  Fifth  Illustration.  Conditions:  the  survey  progresses 
in  one  general  direction  as  in  railroad  work;  the  main 
transit  lines  have  been  estabhshed,  and  the  elevations  of  points 
at  frequent  intervals,  say  at  every  100-ft.  station,  have  been 
found  by  the  method  of  profile-leveling;  fair  degree  of  ac- 
curacy, fair  speed,  and  a  5-ft.  contour  interval,  instruments: 
two  hand-levels,  two  contour-rods,  a  sketch-board,  and  plotting- 
paper.  Methods:  running  in  contour-lines  by  ascertaining 
points  through  which  they  pass;  offsets  from  the  transit  line 
for  horizontal  control;  hand-levels  for  vertical  control.  Party  : 
two  men,  who  do  practically  the  same  work,  except  that  only 
one  of  them  plots  the  contours. 

Routine  of  the  field  work.  Leveler  No.  1,  resting  his  hand-level  on  the 
top  of  a  contour-rod,  backsights  on  a  station  of  known  elevation  to  get 
the  hne  of  sight  at  the  height  of  some  even  5-ft.  contour.  (See  illustra- 
tion, p.  233.)  He  then  sends  Leveler  No.  2  out  at  right  angles  to  the 
transit  line  from  a  100-ft.  station  to  a  point  where  the  hne  of  sight  cuts  the 
groimd  (working  up  hill).  This  point  must  be  on  a  contour,  and  the  offset 
distance  to  it  mfty  be  measured  with  a  tape,  or  in  rough  work  it  may  be 
paced.  Leveler  No.  2  then  rests  his  level  on  a  contour-rod  at  this  point, 
and  sends  Leveler  No.  1  up  hill  to  a  point  where  his  line  of  sight  strikes  the 
ground,  Leveler  No.  1  either  carrying  one  end  of  the  tape  as  he  goes  or 
pacing  the  distance.  Thus  the  men  alternately  establish  contour-points 
on  the  offset  Une  as  far  up  hill  as  desired,  then  they  work  from  the  station 
down  hill  in  the  same  way.  (How  will  the  work  going  down  hill  differ 
slightly  from  the  method  just  explained?)  All  the  points  on  one  offset 
line  having  been  plotted,  the  party  repeats  the  work  at  the  next  100-ft. 
station.  Thus  the  work  is  carried  on,  contour-lines  being  sketched  by 
joining  points  of  the  same  elevation.  Offset  Unes  are  taken  between 
stations  where  irregularities  in  the  surface  of  the  ground  render  it  necessary. 

When  the  elevations  of  stations  have  not  been  established  previously 
it  will  be  necessary  to  take  turning-points  as  in  ordinary  leveling  in  going 
from  one  station  to  the  next. 

(J)  Sixth  Illustration.    A    plane-table    is    intended  ^^- 
marily  for  horizontal  control,  but  ii  a  vetWc^l  ax^  \a  ^XX.-^^^^ 
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to  the  tdeecope,  it  can  be  uaed  also  for  vertical  control.  In 
that  case  the  entire  work  in  the  third  illustration  (p.  350)  could 
be  done  with  the  plane-table,  no  other  instrument  being  re- 
quired. It  could  be  used  for  horissontal  control  in  the  first  and 
second  illustrations  (pp.  349  and  350),  taking  the  place  of  the 
transit  and  of  the  plotting-board,  the  contour-points  being 
located  and  plotted  simultaneously  as  fast  as  they  are  deter- 
mined by  the  level  party.  In  the  same  way,  it  could  be  used 
in  connection  with  the  hand-level  in  the  fifth  illustration;  in 
fact,  the  combination  of  the  traverse-board  (a  rough  plane- 
tabled  and  the  hand-level  is  a  very  common  one. 

When  the  horizontal  distances  and  the  elevations  of  points 
are  reduced  from  stadia  readings  and  vertical  angles,  the  man 
who  runs  the  plane-table  may  be  assisted  by  a  computer,  whose 
duties  are  those  described  in  the  second  illustration. 

(g)  Seventh  Illustration,  Summary  of  Methods.  The  fol- 
lowing outline  indicates  the  work  done  by  a  class  in  making  a 
topographic  survey  of  a  rather  extended  area.  It  was  desired 
to  illustrate  as  many  methods  as  possible,  and  to  furnish  work 
for  a  large  number  of  parties,  eaco  party  going  from  one  kind 
of  work  to  another  until  it  had  been  givten  practice  in  all  the 
different  methods.  This  illustration  will  serve  to  summarize 
the  methods  of  this  chapter  and  to  show  how  different  methods 
may  be  combined  in  the  same  survey. 

(1)  Made  a  reconnoissanoe  with  the  class,  with  the  following  objects  in 
view:  to  get  an  idea  of  the  drainage  of  the  country;  to  ascertain  what  areas 
were  wooded  and  what  were  comparatively  open ;  to  find  favorable  locations 
for  triangulation  stations  (p.  192),  and  to  plan  the  triangulation  net  (p. 
191)  J  to  select  a  place  for  a  base-line  (p.  193),  and  decide  upon  its  ap- 
proximate length  (p.  194):  to  decide  tentatively  where  to  run  traverses 
and  what  instruments  ana  methods  to  use. 

(2)  Secured  from  a  railroad  company  the  elevaticm  of  the  nearest  bench, 
used  this  elevation  in  adopting  a  datum  for  leveling,  and  started  parties 
from  this  bench  to  run  lines  of  lev^s  to  the  two  ends  of  the  base-line, 
where  the  first  benches  of  the  survey  were  to  be  established. 

(3)  Built  signab  at  points  selected  for  triangulation  stations  (p.  198). 

(4)  Set  a  hub  for  each  end  of  the  base-line  Cp*  57),  referenced  eaeh  hub 
(p.  203),  set  parties  at  work  measuring  the  base-line  (p.  57). 

(5)  Scft  parties  at  work  cr.easuring  the  ai^es  of  the  triangulation  net 
(p.  194).  and  the  vertical  angles  to  tiiangulatioii  stations  required  for 
trigonometric  leveling  (p.  200). 

(6)  Established  a  true  meridian  through  one  end  of  the  base-line  by 
obser\'ation  on  Polaris  (Chapter  XXVIII).  found  the  true  bearing  of  the 
base-line  by  measuring  the  angle  between  it  and  the  meridian,  checked 
*    x.^J^'^^  ^y  observations  on  Polaris  at  the  other  end  of  the  base-line. 

(7)  Started  transit  parties  to  establish  secondary  stations  by  running 
traverses  (direct^am^e  method,  angles  doubled  (p.  154)).  each  party  to 
*»«^  at  one  primary  (triangulation)  station  and  to  close  on  *{»«  s^e.J*; 
some  other  primary  station,  aU  i«cundary  stations  to  be  cstabbshed  with 
due  reeard  to  their  future  usefulness*  (p.  150).  , 

(8)  Started  level  parties  from  the  benches  near  the  base-line  to  estabhsh 
benches  near  secondary  stations,  checking  whenever  possible  on  primary 
stations,  the  elevations  of  which  were  found  by  trigonometric  teveimg 
in  (5). 

(9)  Set  plane-table  parties  at  work  in  open  country,  some  of  the  parties 
to  start  from  primarv  or  secondary  stations,  and,  establishing  their  own 
tertiary  stations  by  traversing  (p.  322),  to  close  on  some  primary  or  «eo- 

nndarjr  station.     Other  parties  are  to  set  up  in  some  commanding  position 
ihani   which  tbpM  stations  previously  pVotied  ace  visible,  and  orient  by 
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the  three-point  problem  (p.  329).    In  either  case  contours  are  to  be  sketched 
in  by  stadia  ana  vertical-angle  method  as  in  the  third  illustration  (p.  350^. 

(10)  Set  transit  parties  at  work  in  wooded  areas  unfavorable  for  tri- 
angulation,  each  party  to  start  from  a  primary  or  secondary  station,  es- 
tablishing tertiary  stations  if  necessary,  and  to  close  on  a  primary  or  sec* 
ondary  station.  Method  of  procedure  exactly  the  same  as  in  the  third 
illustration  (p.  350). 

(11)  Set  transit  parties  at  work  to  run  a  preliminary  survey  for  con- 
structing a  new  road,  tying  this  siu^ey  whenever  possible  to  the  main 
survey  and  nuining  in  contours  with  the  wvel  and  hand-level  as  in  the  f oiuth 
illustration  (d.  350). 

(12)  Detailed  compass  parties  to  locate  high  cliffs  and  deep  gorges, 
differences  in  elevatiom  between  top  and  bottom  lines  or  other  control- 
ing  lines  to  be  taken  wiin  an  aneroid  barometer,  and  less  steep  slopes  with 
the  clinometer,  intervening  contours  to  be  interpolated.  Compass  Unes 
are  to  be  tied  to  prim&ry  or  secondary  stations,  and  aneroid  readings  to  be 
compared  with  elevations  at  benches  whenever  possible. 
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CHAPTER  XXVm 

DETERMINATION  OF  A  MERIDIAN 

Bt   OBaKRTATIONS   ON   PoiABIS 

Ths  limpleBt  and  mo«t  direct  method  of  determiniiiE  a  true  mendian  ia 
by  obeervations  on  Polaris.  ^  This  method  is  easily  miderstood,  and  easily 
carried  oat  in  the  field.  It  involves  almost  no  computations,  and  the  few 
aatronomical  data  required  are  easily  obtained.* 


412.  Why  Polaris  is  Chosen  for  Observations.     The  two 

points  in  which  the  axis  of  the  earth,  indefinitely  produced, 
pierces  the  celestial  sphere  are  the  celestial  poles.  One  of  these 
points  will  be  referred  to  throughout  this  chapter  as  the  North 
Pole  or  simply  Pole.  All  hea\'enly  bodies  appear  to  re\-olve 
once  a  day  about  the  earth,  describing  circles  on  the  celestial 
^>here.  If  the  distance  of  a  star  from  the  Pole  is  less  than  the 
altitude  of  the  pole,  the  circle  which  the  star  apparently  de- 
scribes win  not  meet  the  horizon  at  all,  and  the  star  will,  there- 
fore, neither  rise  nor  set,  but  it  will  appear  to  vevol\'e  about 
the  pole  as  a  center.  If  there  were  any  star  exai9l|f  at  the  Pole 
it  would  seem  to  remain  stationary,  and  to  determine  a  true 
meridian  it  would  be  necessary  simply  to  bring  the  cross-hairs 
of  the  telescope  upon  it;  but,  unfortunately  for  the  purposes 
of  the  surveyor,  there  is  no  such  star.  Contrary  to  a  general 
impression,  Polaris  (North  Star)  is  not  exactly  at  the  Pole, 
but  like  all  the  other  stars,  it  appears  to  revolve  around  it. 
The  radius  of  its  diurnal  orbit  is  so  small,  however,  that  of  all 
the  stars,  Polaris  is  the  most  convenient  for  determining  a 
meridian.  Any  other  star  near  the  pole  can  be  used,  provided 
that  certain  data  concerning  it  are  known. 

*  Other  methods  most  used  by  surveyors  for  determining  a  true  merid- 
ian depend  upon  observations  on  the  sun.  They  are  somewhat  difficult 
to  understand  and  to  carry  out  in  the  field,  more  or  less  computation  is 
involved,  and,  for  accurate  results,  astronomical  data  are  required  which 
are  not  always  at  hand.  These  methods  may  be  studied  to  better  advan- 
tage in  connection  with  a  coiirse  in  field  astronomy,  but  for  purposes  of 
raierence  they  are  outlined  in  Appendix  I. 
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'413.  Facts  Concerning  Polaris.  Before  describing  the 
method  of  taking  observations,  certain  facts  concerning  Polaris 
will  be  given. 

1.  A  simple  way  of  finding  Polaris  is  to  find  first  the  "Great  Dipner" 
(Ursa  Major),  and  then  to  follow  the  line  through  the  two  "Pointers,  i.e. 
the  two  stars  farthest  from  the  handle;  this  Ime  passes  very  near  to  the 
pole.     (See  Fig.  413  (o).)  ,  .      ^    r^     ^.      .   . 

2.  Polaris  is  the  end  star  m  the  handle  of  the 
•'Little  Dipper"  (Ursa  Minor).     About  16°  from 

(^     S  the  pole  is  another  star  about  as  bright  as  Po- 

laris, and  between  these  two  is  a  curved  row  of 
three  faint  stars  forming  the  handle  of  the 
"Little  Dipper." 

3.  As  Polaris,  revolving  counter  clockwise 
about  the  Pole,  reaches  its  [highest  point,  U.C. 
(Fig.  413  (6)),  it  is  said  to  be  at  its  upper  cul- 
mination, when  it  reaches  its  lowest  pomt,  L.C., 

it  is  at  its  lou>er  culmina' 
tion.  In  either  case  it  i» 
in  the  true  meridian. 

4.  When  Polaris  reaches 
the  most  easterly  point  of 
its  orbit  it  is  at  its  eastern 
ehru/ation,  E.E.;  likewise 
at  the  most  westerly  point 
it  is  at  its  western  elonga- 
tion,  W.E. 

5.  The  earth  turns  on  its  axis  once  in  about  23  hrs.  56.1  m.  (the  sidereal 
day),  hence  Polaris  reaches  any  point  in  its  orbit,  as,  for  example,  its  cul- 
mination or  elongation,  about  4  min.  earlier  each  day  than  it  aid  the  pre- 
ceding day. 

6.  The  radius  of  the  circle  in  which  Polaris  appears  to  revolve  changes 
from  year  to  year.  This  radius,  called  the  polar  distance,  when  first  re- 
corded was  about  12°;  it  is  now  (1907)  about  1°  11'.37.  It  will  continue  to 
grow  less  at  the  rate  of  0.31'  per  year  (approximately)  until  the  star  is 
about  30'  from  the  pole,  when  it  will  begin  to  increase.  In  1910  it  will  be 
1°  10'.44,  in  1915,  1°  08'.89.  in  1920,  1^  07'.35.  The  mean  polar  distance 
or  90°  minus  the  m^n  aecitnaiion  of  Polaris  is  given  for  the  beginning  of 
each  year  up  to  1920  in  a  table  in  Appendix  I. 

7.  If  an  observer  at  the  equator  points  the  telescope  of  his  transit  at 
Polaris  when  at  its  eastern  elongation,  the  line  of  sight  will  be  east  of  the 
true  north  by  an  amount  equal  to  the  polar  distance;  at  the  western  elon- 
gation the  line  of  si^t  will  be  the  same  distance  west  of  the  true  north. 
But  if  the  observo*  is  in  a  latitude  north  of  the  equator,  and  points  his 
telescope  at  Polaris  when  at  its  elongation,  the  line  of  sight  will  make  an 
angle  with  a  N.  and  S.  line  greater  than  the  polar  distance,  and  the  farther 
north  the  observer  the  greater  this  angle.  Thus,  for  example,  at  the  equa- 
tor in  1907  this  angle  is  1°  11'.37,  but  at  a  latitude  of  40°  this  angle  would 
be  1°  33'.2,  or  22'  greater  than  the  polar  distance.  This  horizontal  angle 
between  the  north  point  and  the  line  of  sight  to  Polaris  at  elongation  is 
called  the  azimuth  at  elongation  and  is  not  to  be  confused  with  polar  dis- 
tance since  the  two  are  not  the  same  except  at  the  equator.  (This  mean- 
ing of  azimuth  is  the  same  as  that  given  on  p.  114.)  Azimuth  varies  with 
the  position  of  the  observer,  but  polar  distance  does  not.*     The  azimuth 


*  A  line  produced  indefinitely  from  the  center  of  the  earth  through  any 
point  on  its  surface  pierces  the  celestial  sphere  in  the  zenith  for  that  point, 
and  hence  observers  at  different  points  will  have  different  zeniths.  The 
sphedcai  triangle  PZS  having  for  its  vartices  the  Pole  (/*),  the  zenith 
(Z),  and  a  heavenly  body  S  is  an  astronomical  triangle.     (See  Appendix  1.) 

The  azimuth  of  any  star  at  elongation  is  equal  to  the  angle  PZS,  but  since 
Z  changes  for  different  points  of  the  earth's  surface  the  azimuth  PZS  must 
change  also,  but  the  polar  distance  PS  at  any  given  time  is,  of  course,  the 
same,  for  it  is  in  no  way  connected  with  the  position  of  the  observer. 

If  the  observer  is  at  the  equator  his  zenith  must  be  90°  lvo\s\  xX^a  v'^^^* 
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fen*  any  given  latitude  and  date  can  be  found  from  a  table  in  tbe  back  of 
tlUs  book. 

8.  The  vertiecd  angle  which  a  line  of  sight  to  Polaris  makes  with  the  hori- 
Eontal  is  equal,  approximately,  to  the  latitude  of  the  point  whore  the  tran« 
sit  stands.  If  Polaris  were  exactly  at  the  north  pole  the  vertical  angle 
vouldbe  exactly  equal  to  the  latitude.     (See  Appendix  I.) 

9.  When  Polaris  is  at  its  upper  or  lower  culmination  a  line  of  sight 
directed  to  it  from  any  point  on  the  earth's  surface  will  be  a  true  N.  and 
S.  line.     This  occurs  twice  every  twentv-four  hours. 

10.  For  the  year  1905  Polaris  reached  its  culmination  4  min.  21  sec.  after 
it  was  in  the  same  vertical  plane  with  Jdizar^  the  second  star  from  the  end 
of  the  lumdle  of  the  Gr^t  Dipper.  (See  Fig.  413(o).)  For  each  year  after 
1905  add  21  seconds-     Thus  in  1910  the  interval  will  be  6  min.  6  sec. 

11.  The  azimuth  of  Polaris  at  an^  ^ven  time  can  be  calculated  by  spher- 
ical trigonometry.     At  elongation  it  is: 

«.        *      .      XL    X    I         x-         sine  polar  distance 

Sme  of  aznnuth  at  elongation ■« -. — .  ^.     . — -, 

cosme  latitude 

414,  Three  Methods  of  Observing  Polaris.  (1)  At  either 
elongation.  (2)  At  either  cuhnination.  (3)  At  any  time. 
The  three  methods  will  be  outlined  first,  and  theA  practie^  sug- 
gestions given  for  carrying  on  the  work  in  detail. 

I.  At  blonoation.  (1)  Before  the  night  of  the  observation 
look  up  in  the  table  given  in  the  back  of  this  book  the  time  of 
elongation  of  Polaris  in  1905  for  latitude  40®  and  longitude  90°, 
and  make  proper  corrections  (see  Suggestion  (1)).  It  is  ccm- 
venient,  but  not  essential,  to  know  the  time  of  elongation 
within  a  minute  or  two.  (2)  Set  up  the  transit  ten  or  fifteen 
minutes  before  the  time  of  elongation,  and  keeping  the  vertical 
ero8»-hair  exactly  on  Polaris  follow  the  star  imtil  it  reaches  its 
elongation  (see  Suggestions  (2)  to  (S)).  (3)  Depress  the  tele- 
scope and  set  a  point  300  or  400  ft.  away  (see  Suggestion  (9)), 
The  line  from  the  transit  to  the  point  thus  established  makes 
an  angle  with  a  true  meridian  equal  to  the  azimuth  of  Polaris 
at  elongation.  The  remainder  of  the  work  may  be  done  more 
conveniently  in  the  daytime.  (4)  Before  continuing  the  work 
the  next  day,  look  up  in  the  table  in  the  back  of  the  book  the 
azimuth  of  Polaris  at  elongation  for  the  given  year  and  lati- 
tude. (5)  Set  up  over  the  point  occupied  the  night  before, 
backsight  at  the  point  estabUahed  by  the  observation  on  Po- 
laris, and  turn  off  the  azimuth  found  in  (4),  clockwise  if  the 

• 

i.e.,  PZ= 90*.  and  if  the  star  is  at  its  elon 
hence  the  angle  PZS  must  equal  the  arc 


polar  distance.     As  the  observer  goes  north 

towards  P,  i.e.,  PZ  becomes  lesB  than  90°,  far  PZ  muat  altoays  eqvuU  W* 
minus  the  latitude  of  the  observer.  Tlie  farther  north  the  observer  goes  the 
shorter  become  the  two  sides  PZ  and  SZ  of  the  triangle  PZS,  but  since 
the  third  side  PS  remains  the  same  the  angle  PZS,  opposite  to  PS,  must 
mcreasB,  i.e.,  the  greater  the  latitude  of  the  observer  the  greater  the  an« 
muth  of  the  star. 
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observation  was  taken  at  the  western  elongation,  counter* 
clockwise  if  taken  at  the  eastern  elongation.  The  line  thus 
established  is  in  the  true  meridian. 

(a)  Method  modified.  While  the  above  method  of  procedure  will  often 
answer  the  purpose  there  are  two  objections  to  it:  (1)  There  is  no  check 
on  the  work.  (2)  If  the  transit  is  out  of  adjustment  so  that  the  line  of 
sight  does  not  revolve  in  a  vertical  plane,  the  resulting  error  is  likely  to 
be  large  since  the  vertical  angle  through  which  the  telescope  is  depressed 
after  sighting  at  Polaris  is  large.  Both  objections  may  be  overcome  by 
taking  a  double  observation.  As  Polaris  does  not  move  east  or  west  more 
than  about  5  sec.  of  arc  for  a  period  of  ten  minutes  before  and  after  elon- 
gation, there  is  ample  time  for  two  observations,  the  first  with  the  tele- 
scope normal  and  the  second  with  it  inverted.  If  the  two  points  thus 
established  coincide,  the  instrument  is  in  adjustment,  otherwise  the  error 
may  be  eliminated  by  taking  a  point  half-way  between.  (See  the  third 
adjustment  of  the  transit  in  Part  III.) 

(6)  Practical  auggettiona.  (1)  The  time  of  elongation  as  taken  fronii  the 
table  should  be  corrected  for  the  year,  and  for  the  day  of  the  month,  but 
the  small  corrections  for  latitude  and  longitude  may  usually  be  iniore4> 
This  corrected  quantity  is  the  local  time  of  elongation,  but  m  the  United 
States  the  observer's  watch  is  usually  set  to  "standard  time"  and  unless 
he  is  on  a  standard  meridian  (75°,  90°,  105°,  or  120°  West  Longitude)  he 
must  allow  for  the  difference  between  watch  time  and  local  time.  To  ao 
this,  find  the  difference  in  degrees  and  minutes  between  the  longitude  of 
the  place  of  observation  and  the  nearest  standard  meridian  (or  the  one 
corresponding  to  his  watch  time),  multiply  by  four  and  call  the  product  of 
the  degrees,  minutes,  and  of  the  minutes,  seconds  of  time.  For  example, 
if  the  observer  is  at  70°  20'  West  Longitude  then:  75^-70*'  20' =  4°  40*: 
(4°  40')  X  4  ==16  min.  160  sec. » 18  min.  40  sec.  Hence  elongation  will 
take  place  18  min.  40  sec.  earlier  if  timed  by  the  observer's  watch.  If 
the  observation  is  at  any  time  within  four  minutes  of  elongation  the  ob- 
served azimuth  will  differ  from  the  azimuth  at  elongation  by  less  than 
one  second  of  arc,  hence  it  is  f.  r  more  important  to  eliminate  instrumental 
errors  by  two  or  more  observations  as  suggested  above  than  to  observe 
Polaris  at  the  exact  tune  of  its  elongation.  (2)  It  is  well  to  test  the  transit 
for  adjustment  on  the  day  of  the  observation,  to  make  sure  that  the  line  of 
sight  revolves  in  a  vertical  plane.  For  the  same  reason  great  pains  should 
be  taken  in  "leveling  up  the  transit  at  the  time  of  the  observations. 
(3)  The  point  over  which  the  transit  stands  during  the  observations  should 
be  chosen  so  that  the  point  established  after  sighting  at  Polaris  may  be 
at  least  200  or  300  ft.  distant.  It  is  well  to  select  some  regular  station  of 
a  survey,  or  else,  before  nightfall,  to  set  a  point  for  this  purpose  on  one  of 
the  main  traverse  lines,  so  that  the  bearings  of  all  the  traverse  lines  may 
be  calculated  easilv.  (See  Sta.  Y,  p.  390)  M)  A  quick  way  of  bringing 
Polaris  into  the  field  of  the  telescope  is  to  clamp  the  latter  inclined  at  an 
an^le  equal  to  the  latitude  of  the  observer,  and  to  turn  the  transit  on  its 
spindle  until,  looking  along  the  top  of  the  telescope,  Polaris  is  in  hne. 
(5)  The  telescope  must  be  focused  for  distant  objects.  As  this  is  some- 
times difficult  to  do  at  night  it  is  well  to  mark  the  correct  position,  once 
for  all,  on  the  object-glass  slide.  (6)  To  illuminate  the  cross-hairs,  hold 
a  lantern  within  three  or  four  inches  of  the  object-glass  so  that  its  light 
will  enter  the  telescope.  If  the  transit  is  not  provided  W'th  a  reflector, 
tear  a  hole  about  an  inch  in  diameter  in  a  white  sheet  of  paper  and  by 
means  of  a  rubber  band  attach  the  paper  to  the  telescope  m  such  a  posi- 
tion that  the  star  can  be  seen  through  the  hole  while  the  rest  of  the  paper 
reflects  light  into  the  telescope.  A  little  experimenting  should  make  the 
cross-hairs  perfectly  visible— if  not  try  focusing  the  eyepiece  while  sight- 
ing directly  at  the  lantern.  (7)  As  no  angle  is  to  be  measured,  it  is  un- 
necessary to  set  the  vernier  on  the  limb,  and  either  the  upper  or  lower 
clamp  mav  be  used.  (8)  Bring  the  vertical  hair  on  Polaris  about  15 
minutes  before  elongation  and  keep  it  on  the  moving  siar  by  means  of  the 
UDper  or  lower  tangent-screw.  At  eastern  eloniration  Polans  apparently 
ceases  to  move  east,  but  appears  to  climb  up  the  vertical  hair.  It  will 
goon  move  off  the  hair  westward,  showing  that  it  Vvaa  v«.»afe^  \\s  ^^^^^ 
laon.     In  like  manner  at  the  western  elongation  lot  some  tovivwV^^  vb^  ^x-ml 
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I4>pear8  to  stay  on  the  vertical  hair,  but  moves  downward,  and  finally  east 
ward.  It  is  well  to  take  two  observations  at  elongation,  one  with  the  tele- 
Bcope  normal  and  one  with  it  inverted,  as  explained  above.  (9)  Before 
depressing  the  telescoi>e  to  establish  the  point  on  the  ground  make  sure 
that  all  clamps  are  tight.  To  set  the  point  bring  a  lantern  into  line 
by  sighting  across  the  top  of  the  telescope  and  signaling  with  another 
lantern  held  at  the  transit.  Set  a  stake  in  line  a  few  inches  in  front  of 
the  lantern,  driving  it  until  the  top  is  a  little  above  the  ground.  Hold  a 
pencil  on  the  stake  and  a  handkerchief  back  of  the  pencU  but  in  front  of 
the  lantern.  The  handkerchief  not  only  makes  the  pencil  stand  out  with 
eurprising  distinctness,  but  it  renders  the  cross-hairs  plainly  visible,  and 
the  pencu  is  easily  brought  into  line  and  a  tack  set  in  the  stake.  Some- 
times it  is  more  convenient  to  hold  a  piece  of  white  paper  against  the  side 
of  a  fence  or  building,  and  then  direct  a  strong  light  on  a  pencil  held  against 
the  paper.  A  box.  open  on  two  sides,  with  a  thin  sheet  of  paper  stretched 
across  one  of  the  openings,  and  a  light  beiiind  the  paper,  is  sometimes 
used.  (10)  Check  observations  may  he  taken  at  any  time  within  an  hour 
of  eloDffettiont  by  correcting  the  azimuth  by  the  formula  c»A:<'  (see  p.  359). 

n.  At  culmination.  (1)  The  time  may  be  taken  from  the 
table  in  the  back  of  the  book.  It  may  also  be  known  by  ob- 
flerving  when  Polaris  and  Mizar  are  in  the  same  vertical  plane, 
and  following  Polaris  for  the  proper  interval  afterward  (4  m. 
21  sec.  in  1905,  see  (10),  p.  356).  Notice  that  in  this  second 
method,  it  matters  not  if  the  observer's  watch  is  slow  or  fast. 
(2)  Having  sighted  on  Polaris  at  the  moment  of  its  culmina- 
tion, depress  the  telescope  and  set  a  point  as  in  Method  I. 
The  hne  from  the  transit  to  the  point  thus  established  is  a  true 
N.  and  S.  line. 

(e)  N(a».  Since  Polaris  and  Mizar  cannot  be  seen  within  the  field  of  the 
telescope,  it  ia  necessary  to  alternately  sight  at  Polaris  and  then  at  Misar 
t<j  determine  the  moment  when  they  are  Doth  in  the  same  vertical  plane. 
This  is  likely  to  be  the  source  of  a  small  error. 

When  Musar  cannot  be  used,  as  in  the  sprmg  months,  the  star  d  Caar 
siopeise  is  sometimes  used  instead.  Culmination  occurs  about  5  m.  5.  sec. 
(in  1905)  after  this  star  is  in  the  same  vertical  plane  with  Polaris,  the 
interval  increasing  at  the  rate  of  about  20  seconds  per  year. 

The  time  from  either  elongation  to  upper  culmination  is  about  5  hr. 
55  m.,  while  from  either  elongation  to  lower  culmination  it  is  about  6  hr. 
3  m. 

III.  At  any  time.  (1)  Set  up  the  transit  and  sight  at 
Polaris,  noting  the  time  of  observation.  The  nearer  to  the 
time  of  elongation  the  more  slowly  the  star  is  moving  and  the 
better  will  be  the  results.  (2)  Set  a  point  several  hundred  feet 
away,  as  in  the  two  preceding  methods.  (3)  The  azimuth  of 
this  line  for  the  year,  hour,  and  latitude  may  be  ascertained  at 
leisure  (see  suggestions  below),  and  the  angle  turned  off  the 
following  day  to  establish  a  true  meridian,  as  in  Method  I. 

id)  Practical  auggestiona.     In  this  method  it  is  necessary  to  know  the 

lodU  time  of  the  observation  to  the  nearest  minute,  and  to  ascertain  the 

azimuth  of  Polaris  for  that  time  and  for  the  latitude  of  the  observer.     This 

azimuth  may  be  found  from  tables  given  in  the  "Manual  of  Survesring 
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Inatniotion,*'  issued  by  the  General  Land  Office,*  or  it  may  be  computed. 
If  the  observation  is  made  within,  say,  an  hour  before  or  after  elonrattion 
the  followmg  approximate  correction  will  give  the  asimuth  to  within  a 
small  fraction  of  a  minute,  c^kfi,  where  c  — correction  in  tecoruU  of  arc 
to  be  apphed  to  the  asimuth  at  elongation,  (  —  time  of  observation  before 
or  after  elongation  in  minutM,  and  k  a  coefficient  depending  on  the  lati- 
lude.     For  30^  *  -  0.052,  for  40°  A:  -  0.058.  and  for  50°  %  -  0.069.  t 

The  true  value  of  the  azimuth  of  Polaris  at  any  time  may  be  computed 
by  the  methods  e3q;}lained  in  books  on  field  or  geodetic  astronomy. 

415.  Methods  Compared,  (a)  At  elongation.  The  proper 
time  for  sighting  on  the  star  is  known  without  depending  upon 
the  watch.  There  is  time  to  make  two  or  more  observations 
while  Polaris  is  moving  apparently  neither  east  nor  west.  Little 
or  no  calculation  is  involved.  With  the  same  care  the  error 
is  likely  to  be  smaller  than  those  made  in  the  other  two  methods« 
The  only  disadvantage  is  that  both  elongations  may  occur  at 
inconvenient  times  for  observations,  very  late  at  night,  or  in 
the  daytime.  (See  April  15,  in  table  for  time  of  elongations.) 
If  instrumental  errors  are  eliminated  either  by  careful  adjust- 
ment and  leveling  or  by  repetition  (modified  method,  p.  357), 
the  error  should  never  exceed  one  minute  of  arc,  and  usually  it 
should  be  less  than  30''. 

Q})  At  culmination.  The  star  appears  to  be  moving  rapidly, 
and  an  error  in  time  of  two  minutes  is  equivalent  to  about  one 
minute  of  arc,  hence  the  observation  must  be  taken  more 
quickly  and  at  the  proper  moment.  It  is  more  difficult  to 
eliminate  errors  of  adjustment  by  two  observations.  If  the 
time  of  culmination  is  found  by  sighting  at  Mizar,  it  is  some- 
what difficult  to  ascertain  when  this  star  is  in  the  same  vertical 
plane  with  Polaris,  as  the  two  are  not  in  the  field  of  the  tele- 
scope at  the  same  time.  With  reasonable  care,  however,  the 
error  of  observation  at  culmination  should  not  exceed  one 
minute  of  are. 

(c)  At  any  time.  The  method  has  all  the  disadvantages  of 
the  preceding  method,  and  in  addition  it  involves  considerable 
calculation,  correct  data  for  which  are  not  always  at  hand. 
The  method  is  used  only  when  the  other  two  are  impracticable. 

416.  Rough  Determination  of  the  True  Meridian.  If 
a  transit  is  not  at  hand,  any  of  the  preceding  methods,  espe- 
cially the  first  two,  may  be  carried  out  roughly  as  follows:  Sus- 
pend a  long  plumb-line,  and  on  a  level  support  place  the  rear- 


♦  See  Johnson's  Theory  and  Practice  of  iSurweyiiVQ,'^.  ^^. 
t  Ibid.,  p.  667. 
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dght  of  A  compass  or  an3rthing  having  a  small  hole  in  it  to 
look  through.  Shift  the  sight  to  the  right  or  left  to  keep  it 
in  line  with  the  star  and  the  plumb-line  until  the  time  of  elon- 
gation or  culmination,  as  the  case  may  be.  The  line  of  sight 
thus  established  may  be  marked  by  stakes,  but  of  course  it 
will  be  shorter  and  much  less  accurate  than  if  established  with 
a  transit;  With  care,  however,  a  meridian  can  be  established 
in  this  way  with  sufficient  accuracy  for  the  purposes  of  com- 
pass surveying.  For  example,  if  the  plumb-line  is  50  ft.  from 
the  peep-sight  and  an  error  of,  say,  0.2  ft.  is  made  in  sighting 
and  setting  the  stake,  the  corresponding  angular  error  will  be 
about  14  minutes  of  arc.     (See  p.  105.) 

417ft  To  Determine  the  Magnetic  Declination.  (1)  De^ 
termine  a  true  N.  and  S.  meridian  by  one  of  the  methods  of 
Art.  414.  (2)  With  vernier  at  zero,  backsight  along  the  meri- 
dian, and  measure  the  angle  between  this  line  and  a  line  found 
by  turning  the  upper  plate  until  the  needle  points  to  the  zero 
of  the  compass- box.    This  angle  is  the  magnetic  declination. 

Practieal  mogesHona.  (1)  If  there  is  a  declinction  arc,  be  sure  that  it 
li  set  at  z&po.  (2)  The  chief  difficulty  xn  determining  znagnetic  declinar 
iion  lies  in  the  lack  of  sensitiveness  of  the  needle.  It  will  be  found  that 
When  the  needle  is  almost  at  z«^,  the  uppor  plate  can  often  be  turned 
several  miiiutes  by  using  the  tangent  screw,  with  little  if  any  effect  on 
the  needle.  One  way  to  overcome  this  is  to  observe  the  reading  of  the 
Vdmier  when  the  needle  points  to  N.^  thai  unclamp  the  upper  plate,  turn 
it  several  degrees  in  any  direction,  the  needle  having  been  raised  off  its 
jbiVPt,  lowei:  the  needle,  quickly  set  the  vernier  at  its  original  reading  and 
see  if  the  needle  settles  at  N.     If  not,  repeat  the  process,  changing  the 

Sitting  of  the  vernier  a  little  each  time  until  the  needle  does  settle  at  zero, 
veil  then  it  is  often  difficult  to  determine  the  declination  within  three 
or  four  minutes.     As  this,  however,  is  closer  than  one  can  read  the  com- 

f*  ass,  this  error  is  usually  of  little  importance.  (3)  If  the  azimuth  of 
*d]aris  has  been  determined,  it  is  not  necessary  of  course,  to  actually 
stake  out  a  N.  and  S.  line.  The  declination  may  be  measured  from  the 
fine  fixed  by  the  observation  and  allowance  made  for  azimuth.  For 
example,  a  line  is  established  by  observation  at  eastern  elongation,  and 
the  azimuth  of  this  line  for  the  date  of  observation  is  1**  34'.  Backsieht- 
ing  along  this  line  with  vernier  at  zero,  and  then  turning  the  upperplate 
until  the  needle  points  exactly  at  zero,  the  vernier  reading  is,  say,  12*  IC. 
If  the  declination  is  weH  it  must  be  12"  Kf-V  34'-10*»  36'.  If  the  deo- 
lination  ia  east  it  must  be  12^  IC+l''  34' -IS"*  44' 


Part  II 

OFFICE  WORK 


INTRODUCTORY 

Office  work  may  be  divided  into  two  parts,  viz.:  (1)  Cam* 
puling  and  (2)  Drawing, 

418.  Computations  are  of  two  kinds:  (1)  Computations 
required  for  purposes  of  plotting,  which  include  such  work  as 
CcUciUation  of  Bearings  (Chapter  XXX)^  LaJtUudea  and  Depar- 
tures (Chapter  XXXI),  Omitted  Measurements  (Chapter  XXXII), 
and  other  miscellaneous  computations  preparatory  to  plotting 
maps  and  profiles. 

(2)  Computations  made  for  the  purpose  of  obtaining  data  to 
be  used  in  laying  out  work  in  the  field,  or  for  asoertaining  de- 
sired information  conoeming  the  tract  surveyed.  Under  this 
head  may  be  classed  such  work  as  CatoukUion  of  Areas  (Chapter 
XXXIII),  ParHng  off  Land  (Chapter  XXXIV),  Earthwork 
Computaiions  (Chapter  XXXV),  and  miscellaneous  work  in 
computing  dimensions  and  elevations. 

For  the  most  part  office  computations  involve  'only  the  aim* 
plest  principles  of  plane  trigonometry  and  of  geometry.  Aoou* 
racy  and  facility  in  the  use  of  logarithms  is  essential. 

419*  Drawing  consists  in  plotting  and  in  finishing  maps  and 
profiles f  and,  occasionally,  in  the  graphic  solution  of  problems. 

(1)  Plotting  consists  mainly  in  reversing  on  paper  operatioiia 
in  the  field,  drawing  instrumeuts  being  used  in  place  of  field 
instruments,  and  measurements  being  laid  off  to  a  greatly  re- 
duced scale.  The  nature  of  this  work  is  suggested  by  the  fol- 
lowing chapters:  Methods  of  Plotting  Angles  (Chapter  XXXVO), 
Methods  of  Plotting  Traverses  (Chapter  XXXIX),  Plotting  Details 
(Chapter  XU),  and  Plotting  Profiles  (Chapter  XLIII).  Many 
of  the  methods  are  analogous  to  field  methods,  the  scale  being 
used  in  place  of  the  tape,  and  the  protractor  in  place  of  the 
transit  or  compass. 

(2)  Finishing  Maps  and  Profiles  (Chapter  XLII)  consists  in 
inking  the  pencil  drawing,  in  lettering  the  map,  in  putting  on 
conventional  signs,  and  in  miscellaneous  work  such  as  drawing 
l)prder-lines  and  meridian  needles* 


CHAPTER  XXrX 
OFFICE  COMPUTATIONS 

General  Directions  and  Suggestions 

In  this  ch£U)ter  are  ^ven  general  directions  and  suggestions  which  applv 
to  all  kinds  of  office  computations.  The  aim  is  to  outline  methods  of  avoid- 
ing mistakes  and  of  economizing  time. 


420.  Checking  Computations  is  recognized  in  practice  as 
a  very  essential  part  of  office  work.  No  important  result  is 
allowed  to  stand  until  it  has  been  checked.  Each  student, 
therefore,  should  learn  to  check  his  own  work  as  a  matter  of 
course;  otherwise  he  will  find  himself  severely  handicapped 
when  he  enters  upon  actual  practice.  Once  he  understands  a 
method,  he  should  find  his  own  mistakes,  and  make  sure  of  his 
own  results,  before  submitting  work  to  an  instructor. 

Remark.  Frequently  students  may  work  together  with  profit  when 
aludying  methods,  but  the  habit  ot  comparing  results  at  every  opportunity 
is  a  real  weakness  which  is  likely  to  cling  to  one  long  after  graduation.  It 
is  true  that  in  practice  two  men  often  work  on  the  same  problem,  but 
unless  they  work  independently  any  agreement  in  results  is  of  little  value 
as  a  check. 

There  are  several  general  methods  of  checking  computations, 
among  which  are :  (1 )  Checking  arithmetical  work  step  by  step, 
as,  for  example,  checking  multiplication  by  casting  out  nines 
(p.  366).  (2)  Checking  results  by  known  conditions,  as,  for 
example,  checking  the  three  computed  values  of  the  interior 
angles  of  a  triangle  by  comparing  their  sum  with  180°.  (3) 
Checking  a  result  by  using  a  different  method  of  computation, 
as,  for  example,  finding  the  length  of  the  hypothenuse  of  a 
right-angled  triangle  by  trigonometry  and  then  checking  it  by 
squaring  the  other  two  sides.  (4)  Checking  a  result  by  using 
different  data,  as,  for  example,  checking  the  length  of  a  diag- 
onal of  a  quadrilateral  by  solving  each  of  the  two  triangles  of 
which  it  ia  a  common  side.     Usually  one  or  more  of  these 
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methods  of  checking  can  be  used,  no  matter  what  the  nature 
of  the  computations  may  be. 

(a)  Approximate  checks  are  of  great  value  in  making  sure  that 
no  large  mistake  has  been  made.  Computed  areas  may  be 
checked  approximately  by  means  of  the  planimeter  (p.  408). 
Latitudes  and  departures  of  a  traverse  which  does  not  close 
may  be  checked  roughly  by  plotting  the  traverse  (p.  463). 
Computed  lengths  may  be  checked  by  scaling  the  map.  Accu- 
rate computations  may  be  checked  roughly  by  the  use  of  the 
slide-rule.  Thus  many  approximate  methods  are  constantly 
used  to  check  results  which  have  been  obtained  by  more  ace  u 
rate  methods. 

421.  Systematic  Methods.  The  main  object  of  systematic 
methods  in  office  work  is  to  economize  time.  Checks  are  used 
to  detect  mistakes,  systematic  methods  to  avoid  them.  The 
remarks  in  Art.  15,  p.  8,  are  especially  true  of  office  computa- 
tions. 

Remark.  It  is  sometimes  difficult  to  convince  students  that  systematic 
methods  actually  ahorten  work.  In  the  long  run  it  will  take  lees  time  to 
avoid  mistakes  than  to  correct  them.  Why  not  take  a  httle  trouble  to 
avoid  much  trouble? 

The  following  suggestions  are  offered  for  systematizing  office 
computations: 

(1)  A  ''separate-leaf*'  note-book  with  pages  about  8"X10§" 
is  recommended  for  class-work.  The  computations  for  each 
exercise  can  be  handed  in,  checked,  returned,  arranged  in  logi- 
cal order  in  the  note-book,  and  preserved  for  future  reference. 
Avoid  the  use  of  loose  scraps  of  paper  for  computations. 

(2)  Arrangement.  Adopt  some  economical  and  systematic 
arrangement.  If  the  same  kind  of  work  is  always  airanged  in 
the  same  way,  blunders  and  omissions  often  become  self-evi- 
dent. It  is  usually  advantageous  to  arrange  work  in  columns. 
(See  pp.  393  and  425.)  The  head  of  each  column,  each  final 
result,  and  all  other  important  quantities  should  be  labeled  so 
that  every  step  in  the  computations  may  be  followed  by  simply 
glancing  through  the  work.  At  the  head  of  the  page  the  prob- 
lems should  be  concisely  stated,  and  the  data  given. 

(3)  Order  of  procedure.  Ha\'ing  brought  together  all  the 
necessary  data,  check  them  before  beginning  computations.  Too 
frequently  mistakes  are  made  in  copying  data  from  field  notes. 
Aim  to  perform  at  one  time  all  operatioiia  lYiaX,  «t^  «>a8Ji.     ^§^» 
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p.  374.)  Adbere  to  the  same  order  of  procedure  for  similar 
problems,  so  that  much  of  the  work  will  become  automatic, 
and  the  chances  of  error  will  be  diminished. 

422.  Speed  in  computing  may  be  gained  in  several  ways, 
viz.:  (1)  By  adopting  economic  methods  of  procedure;  (2)  by 
using  short  cuts  in  arithmetical  work;  (3)  by  eliminating  ui^ 
necessary  steps  and  worthless  refinements;  (4)  by  the  use  of 
tables;  (5)  by  the  use  of  graphic  methods;  (6)  by  the  use  of 
mechanical  methods. 

423.  Economic  Methods  of  Procedure  consist  largely  in 
grouping  like  operations.  Frequently  the  entire  work  in  a 
problem  can  be  blocked  out  on  paper  in  some  convenient  form 
before  any  numerical  work  is  begun,  so  that  afterward  the  atten- 
tion may  be  concentrated  upon  the  mechanical  work  of  com- 
putation (see  p.  399).  This  is  especially  true  of  logarithmic 
computations.  The  less  the  mind  is  compelled  to  turn  from  one 
thing  to  another  the  more  quickly  and  accurately  it  works. 

424.  Short  Cuts  in  Arithmetical  Worlc.  There  are  a  few 
simple  methods  of  shortening  arithmetical  work  in  conunon  use 
that  are  of  great  value  in  computing.  If  the  student  is  not 
already  familiar  with  those  given  in  this  article,  he  can  easily 
learn  them,  and,  once  he  becomes  accustomed  to  their  use,  he 
will  be  surprised  at  the  amount  of  time  they  save. 

(a)  Mental  multiplication.  The  product  of  composite 
numbers  may  be  obtained  mentally  by  resolving  them  into 
factors  and  finding  the  product  of  these  factors. 

(1)  32X28  =  16X8X7  =  896.       (2)  32  cu.  yds. X27  =  16X6X9  =  864  cu.  ff 

When  the  multiplier  is  a  factor  of  100  multiply  by  100  and  divide  by  the 

proper  quantity: 

(3)  68X25  =  6800-5-4  =  1700  (4)  98X50=9800^-2  =  4900 

(5)  76X75  =  3800+1900  =  5700  (6)  41  XI 50  =  4100 -f- 2050  =  615a 

Mental  diviaion  is  the  reverse  of  the  above. 
(7)  864  cu.  ft.  4- 27  =  864  divided  by  9  and  again  by  3=32  cu.  yds. 

(6)  Long  multiplication  can  be  shortened  in  many  cases 
by  a  similar  method.  It  is  surprising  how  many  times  two 
adjacent  figures  in  the  multiplier  form  a  number  which  is  an 
even  multiple  of  another  figure  in  the  multipKer. 

(1)  (2) 

2875  Gircum.  =2468 

273  0.3183 

8625  7404 
77625  44424 

7404 

784876 


"D\am.  =  785.5644 
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tUtutmiUm.  In  the  first  fllustmtioti  8625  is  multiplied  by  0,  since 
27—9X3.  In  the  second  illustration  multiply  first  by  the  leift-hand  d« 
and  then  7404  by  6.  since  18-6X3. 

(3)  Multiply  205604  X  497328,  multiplying  by  only  4  digits  instead  of  6. 

Suggeetion:  32-4X8  and  40-7X7. 

(c)  LoNO  DIVISION.  There  k  little  gained  in  applying  the 
corresponding  process  in  division  except  when  the  divisor  can 
be  factored  into  two  divisors,  each  of  which  does  not  exceed  12. 

lUMMtration.    46026  •«- 63.    The  work  as  shown  requires  16    7148026. 
figures,  while  long  division  by  the  regular  metiiod  would  re-      0|6080.4  * 
quire  at  least  20.  776.6 

(d)  Abhidqed  Mui/riPLicATioN  may  be  used  when  the  prod- 
uct is  required  only  to  a  given  number  of  places  of  figures. 
The  method  of  procedure  is  as  follows:  (1)  Reverse  the  order 
of  the  figures  of  the  multiplier,  writing  them  directly  below 
those  of  the  multiplicand.  (2)  Multiply  in  the  usual  way, 
except  that  in  multiplying  by  any  figure  of  the  multiplier  begin 
with  the  one  in  the  multiplicand  directly  above  it,  mentsdly 
adding  anything  which  should  be  carried  from  the  multiplica- 
tion of  the  preceding  figure  of  the  multiplicand  by  this  figure 
of  the  multiplier;  the  result  is  the  first  right-hand  figure  of  the 
corresponding  partial  product.  The  partial  products  are  written 
so  that  their  right-hand  figures  are  in  the  same  vertical  column. 
The  decimal  point  is  determined  by  inspection. 

lUwtrati&n.  Let  it  be  required  to  multiply  140.66  by  52.13  to  one  deci- 
mal place.  Tbe  long  method  of  multiplication  and  the  short  method  are 
given  side  by  side. 

140.66  140.66 

5  2.1  3  3  1.2  5 


42198  70330 

14066  2813 

28182  141 

70330  42 


7332.6058  7332.6 

Notice  that  in  multiplying  by  1  the  result  was  put  down  as  141  instead 
of  140.     This  wris  because  the  amount  to  carry  (0.6)  was  nearer  1  than  0. 

(e)  iSTo^.  If  a  result  is  t-equired  to  n  places  or  figures,  it  is  usually  best 
to  write  the  fiint  or  H^t-band  figure  of  the  multiplier  under  the  n  +  1 

!>lace  of  the  multiplicand,  i.e.,  carry  the  computation  one  more  place 
han  required,  l^is  is  illustrated  below,  where  tiie  result  was  required  to 
bur  places  of  figures;    (Or  two  decimal  places.) 

4  8.6  6  7  8  4  8.6  6  7  8  4  8.6  6  7  8 

1.0623  3260.1  3260.1 

14  6  00  3  4  48668  4867 

973356  2920  292 

2920068  97  10 

486678  14  1 


61.60980394  51.69%  ^\.l^ 
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The  right-hand  multiplication  is  accurate  enough  for  most  purposes,  but 
by  carrying  the  work  to  five  places,  as  in  the  middle  example,  the  result 
is  exact  to  four  places.  (In  this  case  it  happens  to  be  exact  to  five  places.) 
(P  JVo«e.  Always  begin  by  multiplying  that  figure  in  the  multiplicand 
which  stands  in  the  first  place  to  the  right  of  the  multiplier.  Before 
carrying  over  the  result,  change  it  to  the  single  digit  which  most  nearly 
expresses  it  in  the  next  left-hand  place.  For  example,  if  the  product  is 
less  than  5  there  is  nothing  to  carry;  if  it  is  5  or  more  but  less  than  15 
there  is  one  to  carry;  if  it  is  15  or  more  but  less  than  25  there  is  two 
to  carry,  and  so  on.  Thus  in  the  middle  example  shown  above  when 
multiplying  by  6  the  process  is  6X6  =  36  or  nearly  4  and  (6X6) +  4  =  40, 

giving  a  0  for  the  first  figure.     In  the  right-hand  example  in  multiplying 
y  2  the  process  is  2X8»-16  or  nearly  2  and  (2X4) +  2  =  10. 

{g)  Abridged  division  consists  in  deleting  a  figure  of  the 
divisor  in  each  partial  division  after  the  first,  instead  of  bring- 
ing down  the  next  figure  in  the  dividend. 


3.1416)41.689348(13.27 
31416 

3.1416)41.689348(13.27 
31416 

10273 
9425 

102733  ' 
94248   . 

848 
628 

84854 
62832 

220 
220 

220228 
219912 

316 
IUu8tratton.  Notice  that  in  multiplying  the  divisor  after  deleting,  the 
figure  deleted  is  multiplied  mentally  and  the  nearest  digit  carried  over: 
thus  in  multiplying  by  3  begin  with  6,  the  figure  deleted,  then  3  X  6  =  18  =  2 
(nearly)  to  carry,  and  (3X1) +  2  =  5,  the  first  digit  in  9425.  Likewise,  in 
multiplying  by  7.  7X4  =  28  =  3  (nearly)  and  (7 XI) +  3=0.  the  first  digit 
in  220. 

Remark.  If  a  quotient  is  desired  to  n  places  of  figures,  it  is  better  in 
some  cases  to  obtain  n-T-2  or  one  half  of  the  required  figures  before  begin- 
ning to  delete. 

(h)  Rule  for  checking  multiplication.  Cast  out  nines 
from  (1)  the  multiplicand,  (2)  the  multiplier,  and  (3)  the  prod- 
uct. The  result  in  (3)  should  equal  the  product  of  the  results 
of  (1)  and  (2). 

Methods  of  catting  out  nines.  Casting  out  nines  from  any  number  is 
equivalent  to  subtracting  from  that  number  the  nearest  multiple  of  nine. 
T^is  may  be  accomplished  by  subtracting  from  the  sum  of  all  the  digits 
in  the  number  the  nearest  multiple  of  nine,  but  it  is  somewhat  easier  to 
cross  out  first  all  9's  and  all  figures  whose  sum  is  9  or  a  multiple  of  9,  and 
then  to  add  the  remaining  figures.     For  example,  let  4  867  428  be  the 

fiven  number;  first  cross  out  4,  8,  and  6,  also  2  and  7,  thus  leaving  4  and 
;  then  4  +  8  =  12  and  12  —  9  =  3  (or  what  amounts  to  the  same  thing, 
1  +  2  =  3).  The  same  result  is  obtained  by  adding  the  digits,  thus:  4+8  +  6 
+  7+4  +  2+8  =  39  and  39-36  =  3  (or  3  +  9  =  12,  and  1  +  2=3).  Another 
method  is  to  begin  at  one  end  to  add  the  digits,  but  to  keep  casting  out 
nines  as  the  addition  progresses,  thus:  4  +  8  +  6  =  0,  and  0+7+4  +  2=  13 -» 
J +3  — 4,  and  4  +  8  =  12  =  1+2  =  3.  Having  once  become  accustomed  to 
casting  out  ninea  the  method  affords  a  very  simple  and  rapid  check  for 
jna/t/plicatjon,  aa  illustrated  below.    (See  expAanatiotL  top  of  next  page.) 
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l?8t5  =4  2HlSa        =2 

%t^  3_3.  31^3       =6  ■ 

TSW5  —  12-=12         ,  78X5^6^^-21=12 
— ~  ^  3=3 

14066        « 8  XXU678       «=  3 

^2U        =2  101S2^       =  3 

X3A^058=J^6=16      SW^WSl4  =0  =  9 

Illutirailon,  Taking  the  multiplicaads,  multipliers,  and  products  from 
pages  364  and  365,  the  nines  may  be  cast  out  as  indicated  sibove.  Notice 
that  7848  =  27  =  0  in  the  first  illustration.  In  the  number  5  160  980  394, 
the  three  9's  were  first  crossed  out,  then  6  and  3,  then  8  and  1,  leaving  5 
and  4  equal  to  0.  In  this  way  by  crossing  out  from  inspection  two  or 
more  figures  whose  sum  is  9  or  18  or  27,  the  work  becomes  very  simple. 

Remark.  Of  course  this  method  is  not  an  absolute  check,  for  it  will 
happen  occasionally  that  two  mistakes  are  made  which  offset  each  other 
For  example,  one  figure  in  the  product  may  be  1  too  large  and  another  1 
too  small;   the  sum  would  check  though  the  product  would  be  wrong. 

If  the  remainder  in  either  factor  is  0,  it  is  necessary,  not  to  cast  out  nines 
from  the  other  factor,  but  simply  to  note  whether  the  remainder  of  the 
product  is  0.     Why? 

(t)  Rule  for  checking  division.  Cast  out  9's  from  (1)  the 
dividend,  (2)  the  divisor,  (3)  the  quotient,  and  (4)  the  re- 
mainder if  there  is  one.  Multiply  the  result  in  (2)  by  the 
result  in  (3)  and  add  the  result  in  (4).  This  final  result  should 
equal  the  result  in  (1).  This  process  is,  of  course,  the  reverse 
of  the  preceding. 

JUuttration,  Take  the  dividend,  divisor,  quotient,  and  remainder  from 
p.  366: 

Dividend,  4L689348  =  7 

Divisor,  3.1416       =6 

Quotient,  13.27       >=  4 

Remainder,  316=1  + 24 -.7  (check) 

0")   To   SQUARE   A   SMALL  NUMBER.        (1)   Add    to   Of   SubtlttCt 

from  the  given  number  a  quantity  such  that  the  result  will  be 
a  multiple  of  ten.  (2)  Subtract  from  or  add  to  the  number  the 
same  quantity.  (3)  Multiply  the  result  in  (1)  by  the  result 
in  (2),  and  add  the  square  of  the  quantity  subtracted  or  added 
in  (1)  and  (2). 

84^=80X88+16=7056  48^=50X46+4  =  2304 

(8J)2=8X9+(i)»«72i  (8l)2=8X8i+(})2  =  68A 

The  above  rule  is  particularly  easy  of  application  in  squaring 
multiples  of  5. 

(25)»=20X30+25-625  C^Sy^AOX^^^^^^^^^ 
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(k)  Square  root  op  small  numbers.  The  following  ap- 
proximate method  usually  gives  results  which  are  accurate 
enough  for  most  purposes:  Divide  the  given  number  by  that 
number  whose  scjuare  is  nearest  the  given  number  and  find  the 
arithmetical  mean  of  the  quotient  and  the  divisor.  Expressed 
algebraical^,  let  iV=tbe  given  nun^ter,  ^=the  nearest  square, 
and  r=\^iS. 

V84=  (^+?)  -^2=  (9.33+ 9) -^  2 =9. 17  (9.1652  correct) 
\/47«  (y+t)  -«-2n^(6.71+7)-^2«6.86  (6.8557  correct) 

(Z)  Squabb  boot  of  LA9GE  NUMBERS  may  be  found  hi  tli^ 
same  way  provided  a  table  of  squares  is  also  used.  The  above 
formula  may  be  written  in  a  more  ocqivenient  fonn  when  appU^ 
to  large  numbers. 

V^wr+[(i\r-5)-^(2Xr)l 
V^32200'=»  179+  [(32200^32041)+ (2  X 179)]= 

179.444  (179,44358  porrect) 
Vl75440-^  419+  [(175440- 175561)^  (2  X419)]= 

418.856  (418.85558  correct) 

The  value  of  S,  the  nearest  square,  is  taken  from  a  table  of 
squares.  Not  only  is  this  method  very  much  shorter  than  the 
ordinary  process  of  extracting  a  square  root,  but  results  are 
usually  correct  to  three  and  often  to  foiur  decimal  places.  De- 
leting the  divisor  (see  p.  366)  shortens  the  process  still  more. 

(m)  Chbckino  by  second  divfbrbnces.  This  method  is 
useful  in  a  variety  of  problems  involving  equations  of  the  seoond 
degree.  It  is  especially  useful  in  checking  ordinates,  taken  at 
equal  intervals,  to  horizontal  or  vertical  curves.  In  this  oaae 
the  method  consists  simply  in  finding  the  ^  first  differences'' 
between  successive  ordinates,  and  then  finding  the  '*  second 
differences"  between  the  "first  differences";  the  "second 
differ^iees'*  should  be  equal.  Due  regard  should  be  p^  to 
algl^braic  signs. 

lUuatraHon.    Let  it  be  required  to  check  the  elevation  giyeii  on  page  292 
for  A  vertical  curve.     The  work  below  shows  that  the  "second  differenoee*^ 
v  figiitU,  Mad  hoM^ce  tk»  ^lev^^Qs  are  projbal^y  eon^. 
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IHevations 

Fint  IKffei^pM 

Second  D|ffere|ioe9 

98.6000 

+ .4125 

98.1975 

+  .2375 

+  1750 

97.0500 

+  .0625 

+  1750 

07.8875 

-.1125 

+  1750 

98.0000 

-.2875 

+  1750 

98.2876 

+  1750 

-.4625 

/ 

98.7500 

-.6375 

+  1750 

99.3875 

+  1750 

-.8125 

. 

100.2000 

(n)  Additional  ARITHMETICAL  CHECKS.  Addition.  The  usual 
check  IB  to  add  both  up  and  down  the  columns.  Another  oheok 
is  to  go  over  the  work  a  second  time,  adding  in  the  carried 
figures  after  the  others,  instead  of  before,  or  vice  versa, 

SvhtracHon,  Add  the  subtrahend  and  the  r^nainder,  but 
cover  up  the  minuend  while  doing  so. 

MuUiplicQiian.  In  place  of  the  check  afforded  by  casting  out 
9's  a  similar  check,  more  laborious  but  more  reliable,  is  that  by 
excess  of  ll's.    Thus  in  the  examples  on  p.  367: 

2875  +  11—       261  +  remainder  of  4 
273  +  11-         24+         "  '•  9 


784875+11-  71352+         "  "3 

9X4-36  and  36+11-3+         **  "aCcheck) 

2468+11-       224+ remainder  of  4 
3183  +  11-       289+         •*  "  4 

7855044  +  11=714149+         **  "5 

4X4-16  and  16  +  11  =  1+         *•  **  S  (check) 

When  a  product  is  not  carried  to  the  full  number  of  places,  as 
in  abridged  piultiplication,  neither  the  check  by  excess  of  Q's  nor 
that  by  excess  of  ll*s  can  be  used.  In  such  a  case  a  good  check 
is  to  reverse  the  position  of  the  multiplier  and  multiplicand. 

Division.  Instead  of  casting  out  9's  a  check  by  excess  of  ll's 
may  be  used.  When  the  work  has  not  been  carried  to  the  full 
number  of  places,  as  in  abridged  division,  about  the  only  check 
i^  to  multiply  divisor  and  quotient  together  and  add  in  the 
r^nainder. 

42h  EUliiinatins  Worthless  Refinements  consists  chiefly 
in  avoiding  the  use  of  unnecessary  figures.  Data  may  be 
given  to  more  places  of  figures  than  there  is  any  need  of,  pr 
time  may  be  wasted  in  trying  to  attain  a  higher  degree  of  pre- 
cision thau  the  4ata  will  warrant.    The  aim  m  Wk\^  ^x\KOs&\^\i^ 
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show  that  in  all  calculations  it  is  desirable  to  make  a  critical 
inspection  of  the  numbers  which  enter  into  every  computation 
for  the  purpose  of  rejecting  figures  which  cannot  affect  the 
accuracy  of  the  final  results.  Not  only  is  it  a  waste  of  time  to 
use  an  unnecessary  number  of  figures  in  computations,  but  the 
results  thus  obtained  are  misleading,  for  they  appear  to  be  more 
accurate  than  they  really  are.  Worthless  figures  may  be 
avoided  by  an  intelligent  use  of  the  following  facts:  (1)  Num- 
bers expressing  measurements  cannot  be  exact,  for  the  true 
value  of  a  single  measurement  is  never  known.  (2)  A  result 
cannot  be  more  accurate  than  the  data  from  which  it  is  ob- 
tained, no  matter  how  many  places  of  figures  are  used  in  each 
step  of  the  calculation.  (3)  In  dealing  with  inexact  numbers 
consistent  accuracy  should  be  the  aim  instead  of  absolute  accu- 
racy, and  consistent  accuracy  is  not  gained  by  carrying  all 
numbers  to  the  same  number  of  decimal  places  regardless  of 
how  many  figures  each  number  contains. 

(a)  lUustration.  The  length  of  one  line  measured  to  the  nearest  ioot  is 
3216  ft.;  a  second  line  measured  to  the  nearest  tenth  is  321.6  ft.;  a  third 
line  measured  to  the  nearest  hundredth  is  32.16  ft.;  a  fourth  Une  measured 
to  the  nearest  thousandth  is  3.216  ft.  The  last  figure  in  each  number  is 
uncertain,  while  the  first  three  are  certain^  and  the  relative  precision  of  each 

5  1 

measurement  is   qoi  an "  aaqo'     "^^  position   of   the   decimal   point  has 

nothing  to  do  with  the  relative  precision  of  a  measurement,  and  the  mistaken 
idea  thAt  the  number  of  decimal  places  to  which  a  result  is  carried  indi- 
cates the  accuracy  of  that  result  is  responsible  for  a  great  deal  of  stupid 
and  unnecessary  labor. 

(6)  The  accuracy  to  be  attained  in  any  computation  is  deter- 
mined by  the  number  of  certain  figures  in  the  data.  In  order 
to  determine  the  number  of  certain  figures  in  any  measurement 
some  approximate  expression  of  its  accuracy  must  be  obtained. 
For  example,  5600  ft.  may  contain  one,  two,  or  three  certain 
figures  according  to  whether  the  measurement  was  made  to  the 
nearest  100  ft.,  to  the  nearest  10  ft.,  or  to  the  nearest  foot. 

(c)  Note.  In  office  computations  it  frequently  happens  that  one  man 
works  from  field  notes  taken  by  others.  In  this  case,  unless  it  is  evident 
that  a  measurement  has  been  given  to  too  many  places,  it  may  be  assumed, 
as  a  rule,  that  each  number  contains  but  one  doubtful  figure.  In  the  case 
of  a  decimal  fraction  the  zeros  used  merely  to  indicate  the  position  of  the 
decimal  point  are  not  counted  as  certain  figures.  Thus,  for  example, 
0.00043  contains  only  one  certain  figure;  0.000430  may  contain  two,  since 
the  cipher  at  the  end  indicates  that  the  measurement  was  carried  to  one 
more  place.  A  final  zero  used  for  this  purpose  should  never  be  omitted, 
for  it  may  be  the  only  doubtful  figure. 

(d)  Remark.     The  number  of  significant  figures  in  any  number  repre- 
aenting  a  measurement  is  always  one  greater  than  the  number  of  certain 

Sgurea;    the  laat  significant  figure  is  the  first  uncertain  figure.     It  must 
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not  be  assumed  that  because  a  figure  is  uncertain  it  has  no  significance. 
Its  uncertainty  may  be  very  small,  hence  it  has  significance,  but  there  can 
be  no  advantage  gained  in  writing  a  number  beyond  the  second  doubtful 
figure. 

(c)  The  effect  of  uncertain  figures  in  the  data  upon  the  results 
of  computations  may  be  illustrated  as  follows:  Four  measure- 
ments are:  6843.2  ft.,  253  ft.,  282.42  ft.,  and  1200  ft.  Each 
may  be  assumed  to  contain  only  one  imcertain  figure  except 
the  distance  1200  ft.,  which  was  measured  to  the  nearest  hun- 
dred feet  and  therefore  contains  three  uncertain  figures.  It  is 
required  to  add  the  four  numbers,  and  also  to  find  the  product 
of  the  first  two.  Let  the  uncertain  figures  be  indicated  through* 
out  the  work  by  smaller  type. 


6843.2 
258. 

282.42 
1200 

8578.62 

6843.2 
258 

205296 
342160 
136864 

1781329.6 

684 
25 

28 
120 

8570 

6843.2 
352 

1369 

342 

20 

1731000 

Since  the  imcertain  figures  in  the  data  render  so  many  figures 
worthless  in  the  sum  and  product,  the  results  8570  and  1  731  000, 
obtained  by  abridged  methods,  are  better  than  8578.62  and 
1  731  329.6,  since  the  latter  appear  to  be  much  more  accurate 
than  they  really  are.  It  is  seldom  necessary  to  give  a  final  re- 
sult beyond  the  first  doubtful  figure  except  when  it  is  desired 
to  show  that  the  uncertainty  of  that  figure  is  small.  Thus, 
ordinarily,  the  preceding  results  may  be  written  8600  ft.  and 
1  730  000  sq.  ft. 

Not  only  is  it  misleading  to  retain  more  than  two  uncertain 
figures  in  any  result,  but  it  is  a  reflection  upon  the  intelligence 
of  the  computer. 

The  preceding  examples  illustrate  two  general  propositions: 

I.  In  cMUion  or  subtraction  the  result  cannot  be  axxurate  6e- 
yond  the  first  doubtful  place  in  any  of  the  numbers  added  or  sub- 
tracted, 

II.  In  multiplication  or  division  the  relative  axxuracy  of  the 
product  or  quotient  cannot  exceed  that  of  the  factor  whose  relative 
accuracy  is  least, 

(/)  Note.     The  first  of  these  propositions  is  self-evident  and  the  second 

is  easily  proved.     Let  a  and  6  be  the  errors  of  two  numbers  A  and  B.   Then  -r 

A 

is  the  relative  accuracy  of  A  and  -=  of  B.     (A  +  o)  XCB  -V  V>  —  AB -vBa-v 
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Ab+ah.  Dropping  the  very  small  quantity  ah  the  error  of  this  product  ia 
Ba  +  Ab  and  the  relative   accuracy  of  the  product  is  —  ''~a'^~r' 

Hence  the  relative  accuracy  of  a  product  is  practically  equal  to  the  sum  of 
the  relative  (or  fractional)  accuracies  of  the  factors,  and  hence  less  than 
either. 

It  is  unwise  to  adopt  hard  and  fast  rules  in  shortening  com- 
putations, but  by  following  intelligently  the  suggestions  given 
below  a  great  deal  of  time  may  be  saved  without  sacrificing 
accuracy  in  the  results. 

(g)  SuGOESTiONs  FOB  SHORTENING  COMPUTATIONS.  Multipli- 
cation. (1)  Before  beginning  a  multiplication  ascertain  by 
inspection  which  of  the  factors  contains  the  smallest  number  of 
certain  figures.  Call  this  the  limiting  factor.  (2)  Use  the 
abridged  method.  Reverse  the  limiting  factor  for  a  multiplier, 
count  off  from  left  to  right  one  more  place  in  the  multiplicand 
than  there  are  certain  places  in  the  multiplier,  and  begin  under 
this  place  to  write  the  multiplier  backward  from  right  to  left. 
The  number  of  certain  figures  in  the  product  can  never  exceed  the 
number  of  certain  figures  in  the  limiting  number  by  more  than  one; 
frequently  the  number  of  certain  figures  in  both  will  be  the  same, 

ttemark.  This  method  gives  the  result  exactly  to  one  uncertain  place, 
and  the  error  in  the  second  unc«'tain  place,  if  there  is  any,  will  rarely 
exceed  one  unit.  See  Art.  424  («),  p.  365.  By  observing  what  figures  are 
affected  by  the  uncertain  figure  in  the  multiplier  the  number  of  uncertain 
figures  in  the  product  will  become  evident.  (See  abridged  multiplication, 
p.  371.) 

Addition  and  subtraction.  (1)  The  limiting  number  will  be 
the  one  whose  first  uncertain  figiire  is  farthest  to  the  left.  (2)  In 
writing  down  the  quantities  omit  all  figures  in  each  number 
beyond  the  second  doubtful  place  of  the  limiting  number. 
(See  abridged  addition,  p.  371.) 

Division,  Use  the  abridged  method  on  p.  366,  uid  deter- 
mine by  inspection  the  figures  rendered  uncertain  in  the  divisor. 

General  suggestions,  (1)  Retain  throughout  the  different 
steps  of  a  calculation  enough  places  of  figures  to  correspond  to 
two  uncertain  figures  in  the  result  in  order  that  the  first  imcer- 
tain  figure  may  be  free  from  accumulated  rejection  errors. 
(2)  In  dropping  figures,  add  1  to  the  last  figure  retained  when 
the  first  left-hand  rejected  figure  is  greater  than  5;  when  it  is 
less  than  5  leave  the  last  figure  unchanged.  If  the  rejected 
%ure  is  5,  add  1  to  the  last  figure  retained  if  this  will  make 
jt  even,  otherwise  leave  it  unchanged. 
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{h)  Application  op  rules.  We  usually  know  before  begin- 
ning a  calculation  what  degree  of  precision  is  required  in  a 
result,  or  else  we  desire  to  compute  a  result  as  accurately  as  the 
data  will  p>ennit.  In  either  case  we  may  be  guided  by  the 
rules  just  given.  In  the  following  illustrations  of  the  applica- 
tions of  the  rules  it  is  understood,  unless  othen^^^ise  stated, 
that  the  last  digit  in  a  number  is  the  only  uncertain  figure. 

lUugtration  I.  The  lengths  of  two  sides  of  a  rectangular  lot  are  given 
as  626.8  ft:  and  73.2  ft.  What  it*  its  areaT  There  cannot  be  more  than 
two  certain  figures  in  the  result,  nnoe  there  are  only  two  in  73.2.  Hence 
reverse  732.  and  writing  the  7  under  the  third  figure  in  626.8  obtain  the 
result  by  abridged  multiplication  =45  880:  sinne  the  last  three  figures  are 
uncertain  this  result  may  be  written  45  900  rq.  ft.  By  direct  multiplie»> 
tion  626.8X73.2  =  45  881.76.  the  la-^^t  five  figures  of  which  are  uncertain, 
hence  the  result  is  no  more  accurate  than  before. 

lUuftrntion  II.  The  lengths  in  the  above  illustration  are  given  aa 
626.834  ft.  and  73.253  ft.  The  data  will  bear  inspection.  Was  allowance 
made  in  chaining  for  temperature  and  other  sources  of  error?  (p.  43).  If 
not,  there  cannot  be  more  than  three  certain  figures  in  either  measurement. 
Assuming  this  to  be  true.  626.8  X  73.25 » 45  912  (by  abridged  multiplica- 
tion), or  45  910  sq.  ft.  Taking  the  measurements  as  given,  by  direct 
multiplication  626.834X73.253  =  45  917.471002:  only  four  figures  of  this 
result  can  be  certain,  hence  it  may  be  written  45  917  sq.  ft.,  with  the  last 
figure  uncertain.  This  is  a  good  illustration  of  the  folly  of  carrying  com- 
putations to  an  excessive  number  of  places. 

lUuMtration  III.  The  radius  of  a  circle  is  given  as  21.84.  what  is  the 
circumference?  There  can  be  only  three  certain  figures  in  the  answer, 
hence  use  2x  to  four  places.  By  abridged  multiplication  6.283  X  21 .84  » 
137.22  ft.,  with  the  last  two  figures  uncertain.  Using  jc  to  one  more  place, 
2X3. 1416X21 .84 —  137.225088  (by  du-ect  multiplication),  a  result  with 
only  three  certain  figures  and  no  more  accurate  than  before. 

Illustration  IV.  The  base  of  a  right-angled  triangle  is  given  in  the  field 
notes  as  428.63  ft.  and  the  adjacent  angle  is  44°  24',  measured  to  the 
nearest  minute.  What  is  the  length  of  the  perpendicular  side?  The 
natural  tangent  for  44°  24'  is  0.97927  and  for  44<^  25'  it  is  0.97984.  Since 
the  maximum  error  in  the  angle  may  be  as  large  as  30*  the  natural  tangent 
may  vary  nearly  3  in  the  fourth  place,  and  there  can  be  only  three  certain 
figures.  Hence  drop  the  last  figure  in  428.63  and  by  abridged  multiplica- 
tion 428.6X0.9793  =  419.72.  or  since  there  are  but  three  certain  figures 
the  result  is  419.7.  If  the  length  is  taken  as  it  stands  and  a  five-place  tan- 
gent is  used,  the  result  by  direct  multiplication  is  428.63  X  0.97927  « 
419.7445001  ft.,  only  three  figures  of  which  are  certain,  hence  the  result  is 
419.7,  the  same  as  before. 

niiiftratUm  V.  Suppose  in  the  above  illustration  that  the  angle  waa 
measured  to  the  nearest  10".  The  variation  in  the  tangent  would  be  only 
I X  .00057  or  .00009,  hence  the  first  four  figures  are  certain  and  five'places 
may  be  retained  in  the  length  and  in  the  tangent  or,  by  abridged  multipli- 
cation, 428.63 X. 97927 =4 19.744,  four  figures  of  ^hich  are  certain,  hence 
the  result  is  419.74. 

llluHration  VI.  Suppose  in  the  above  illustration  that  the  base,  meas- 
ured to  the  nearest  foot,  is  428  ft.  There  can  be  only  two  certain  figures 
in  the  result,  hence  use  only  three  figures  in  the  tangent.  By  abridged 
multipUcation  428  X  .979  =  419.0  ft. 

(i)  Trigonometric  tables.  The  following  general  rules  may 
be  given  for  simple  computations  such  as  ordinarily  arise  in 
office  work.  They  hold  good  for  logarithmic  tables  as  well  as 
for  tables  of  natural  functions. 
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For  two  certain  figures  in  the  result  use  three-place  tables, 
for  three  certain  figures  use  four-place  tables,  for  four  certain 
figures  use  five-place  tables.  In  computations  involving  several 
steps  it  may  be  necessary  to  use  tables  to  one  more  place  in 
each  case. 

If  angles  are  given  to  the  nearest  minute  use  four-place  tables; 
if  angles  are  known  to  be  in  error  less  than  30"  use  five-place 
tables. 

0')  Remark.  Six-place  tables  are  seldom  needed  in  office  computations 
except  for  measurements  of  the  highest  precision,  such  ^  as  those  which 
are  made  in  accurate  triangulation.  In  direct  logarithmic  multiplication 
and  division  with  4-,  5-,  and  6-pIace  tables  the  work  is  about  as  2 :  3  :  4, 
i.e..  the  work  is  doubled  by  using  six-place  tables  instead  of  four. 

426.  Logarithmic  Computations.  The  following  sugges- 
tions are  intended  to  supplement  the  directions  commonly  given 
for  the  use  of  logarithmic  tables. 

(1)  A  large  proportion  of  the  inme  required  for  the  use  of 
tables  is  spent  in  merely  turning  leaves,  a  fact  not  always  ap- 
preciated. Make  it  a  rule,  therefore,  when  the  tables  are  open 
at  a  given  page  to  look  up  all  that  is  to  be  taken  from  that 
page  before  tiuning  to  another.  In  order  to  do  this  it  will  be 
necessary,  at  the  beginning  of  a  calculation,  to  prepare  a  form 
or  schedule  in  which  a  place  is  left  for  each  logarithm,  and  for 
the  result  of  each  step  throughout  the  computation.  The  im- 
divided  attention  can  then  be  given  to  looking  up  the  loga- 
rithms, thus  saving  time  and  diminishing  the  chances  of  errer. 

lHuMration.  On  page  393  the  bearing,  the  length,  and  the  lettera  of 
each  given  line  were  entered  in  the  first  column,  and  this  column  was  entirely 
completed  before  the  logarithmic  tables  were  used  at  all.  (See  also  the 
form  for  triangulation  computations,  p.  399.) 

(2)  Mistakes  are  less  hkely  to  occur  if  like  operations  are 
always  carried  out  in  the  same  way.  For  example,  in  irdeT" 
polation,  it  is  well  to  work  always  from  the  next  smaller  towards 
the  next  larger  minute,  regardless  of  whether  this  takes  one  up 
or  down  the  page.  Thus  if  the  sine  of  42°  20'  20"  is  desired, 
add  J  the  difference  in  the  table  to  the  sine  of  42°  20'  rather 
than  subtract  §  the  difference  from  the  sine  of  42?  21',  though 
the  latter  method  would  be  correct.  Likewise  if  the  cosine  of 
64°  10'  15"  is  decired,  subtract  }  the  difference  in  the  tables 
from  the  cosine  of  64°  10'  rather  than  add  }  the  difference  to 
the  cosine  of  64°  11',    Of  course  one  must  always  be  careful  to 

observe  whether  the  tabular  values  of  functions  are  increasing 


OFFICE  COMPUTATIONS 


376 


or  decreasing,  as  one  glances  from  the  next  lower  to  the  next 
higher  minute,  for  this  will  determine  whether  the  proportional 
difference  is  to  be  added  or  subtracted. 

Remark.  Form  the  habit  of  roughly  checkine  a  quantity  obtained  by 
interpolation.  Thus,  for  example,  if  i  the  tabular  difference  has  been 
added  to  one  tabular  value,  see  if  the  result,  as  nearly  as  can  be  estimated, 
is  f  the  tabular  difference  from  the  next  tabular  value.  A  quick  inspec- 
tion of  this  sort  is  likely  to  reveal  any  serious  blunder  that  has  been  made 
in  interpolating. 

Some  tables  gi/e  proportional  parts,  but  if  they  are  not  given,  aim  to 
perform  interpolation  mentally  witnout  setting  down  figures. 

(3)  When  an  angle  is  more  than  90®  there  is  danger  not  only 
of  ignoring  the  algebraic  sign  of  a  function,  but  of  using  the 
wrong  heading  or  the  wrong  column  of  minutes.  In  some 
tables  the  degrees  are  indicated  from  0°  to  180®  by  giving  four 
different  values  on  each  page,  one  in  each  corner.  In  that  case 
follow  the  simple  rule  to  use  the  line  of  headings  and  the  column 
of  minutes  which  are  nearest  to  the  degree  number  used. 


207°  iUk^ 
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297° 


Log.  Sin. 

d. 
d 

Log.  Tan. 

c.d. 
c.d. 

Log.  Cot. 

Log.  Cos. 

d. 
"dT 

Log.  Cos. 

Log.  Cot. 

Log.  Tan. 

Log.  Sin. 

^^J^  332" 

ec 


c 


b 


^ 


BOTTOM    OF    PAGE 


^  242' 


It  will  pay  to  go  through  a  new  set  of  tables  and  to  draw 
indexes  or  arrows  on  each  page,  as  shown  above.  This  simple 
device  will  often  save  mistakes  by  reminding  one  of  the  proper 
minute  colunm  and  line  of  headings  to  use.  If  many  calcula- 
tions are  to  be  made  with  angles  greater  than  180°,  additional 
numbers  may  be  marked  on  each  page  of  the  tables,  e.g.,  the 
numbers  207°,  332®,  242*^,  and  297**,  shown  above. 

(4)  Another  useful  device  is  to  letter  a  narrow  strip  of  card- 
board with  headings  at  the  top  and  bottom,  as  shown  above, 
to  fit  the  tables  used,  and  to  slide  this  strip  up  or  down  in 
taking  quantities  from  the  tables. 

(5)  When,  as  is  often  the  case  in  trigonometric  computations, 
any  one  of  several  methods  may  be  used,  the  foUowvM^  ^w-v 
gestions  will  help  to  decide  which  to  c\iQosie« 
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(a)  An  angle  is  best  determined  from  a  function  which  changes 
rapidly f  i.e.,  ivith  large  tabular  differences, 

(6)  A  guantity  to  be  found  from  a  given  angle  is  best  determined 
by  means  of  a  function  which  changes  slowly. 

(c)  Tangents  and  cotangents  vary  more  rapidly  than  sines  and 

cosineSf  hence  v^e  the  former  to  determine  angles  and  the  latter  to 

determine  lengths, 

Rttmark.  The  more  poorly  proportioned  a  triangle  the  more  important 
these  rules  become. 

Illustration.  Let  the  three  sides  of  a  right-angled  triangle  be  20.00  ft., 
140.00  ft.,  and  141.42  ft.  respectively.  Required  the  angles  A  and  B. 
Each  can  be  found  in  four  ways: 

20  24' 

t&nA  =  cotB=Y^      =0.14286=  ^    7^     =  8*    7'.824- 

tan  B  =  cot  A  =  i5?      =7.00000  =  81°  52.^  =81°  52M9  + 
20  145o 

20  2.'^' 

8ini4-coBB=:nTf7o=0.14142=  8°    7~     =  8°  7'.79  + 
141.42  29 

ein  B  =  cos  A  =7:?^  =  0.98996  =  81°  52^       =81°  52'.5 
141.42  4 

The  denominator  in  each  fraction  of  a  minute  is  the  tabular  difference 

for  the  corresponding  function.     This  is  largest  for  tan  B  or  cU  A,  i.e.,  the 

function  is  chaneing  about  0.01456  per  mmute  of  arc,  and  hence  this  is 

the  most  accurate  determination  of  A  or  B.     The  least  accurate  result, 

and  one  of  comparatively  little  value,  is  that  obtained  from  sin  B  or  coeA, 

the  tabular  difference  being  only  4  for  one  minute  of  arc.     Of  course  so 

poorly  proportioned  a  triangle  should  be   avoided  in  practice  when  great 

accuracy  is  desired. 

(6)  The  student  will  find  it  a  great  help  to  memorize  a  few 
logarithms,  especially  those  of  the  whole  numbers  up  to  ten, 
and  of  those  constants  most  frequently  used.  Thus,  for  exam- 
ple, he  can  leam,  in  a  few  minutes,  the  logarithms  of  2,  3,  4,  5, 
6,  7,  8,  and  9,  then  he  will  know  the  logarithms  of  their  squares, 
and  of  simple  multiples,  and  hence  the  logarithms  of  at  least  a 
third  of  the  numbers  from  1  to  100  will  be  at  his  command. 

(7)  Finally f  the  student  is  urged  to  use  logarithms  in  prefer- 
ence to  arithmetical  calculations  whenever  the  work  involves 
many  figures.  He  must  overcome  the  antipathy  to  the  use  of 
logarithms  which  seems  prevalent  among  students,  and  recog- 
nize that  in  long  multiplications,  in  long  divisions,  in  squaring 
or  cubing  numbers,  and  in  extracting  square  or  cube  roots  a 
table  of  logarithms  is  a  great  labor-saving  device. 

427.  Useful  Tables.  Among  the  tables  most  useful  in  ofiice 
computations  in  addition  to  the  tables  of  natural  functions  and 
the  logarithmic  tables  are  the  following:  Stadia  reduction 
tables,  tables  of  latitudes  and  departures  (see  p.  388),  multi- 
plication tables,  such  as  those  of  Crelle,  which  give  the  prod- 
ucts  of  three  figures  by  three  figures  to  999X999,  tables  of 
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equares  and  cubes,  decimals  of  a  foot  for  each  A  of  an  inch, 
earthwork  tables,  table  of  chords,  and  tables  giving  squares  of 
feet  and  inches  to  each  A  of  an  inch  up  to  100  feet. 

Many  simple  tables  may  be  prepared  for  special  use.  For 
instance,  any  arithmetical  calculations  which  occur  again  and 
again  may  be  performed  once  for  all  and  the  results  tabulated. 
Thus,  for  example,  such  constants  as  43  560  (sq.  ft.  per  acre), 
27  (cu.  ft.  per  cu.  yd.),  and  ;r  =  3.1416  may  be  multiplied  by 
each  digit  from  2  to  9  once  for  all,  thus  saving  time  ana  avoid- 
ing errors  in  subsequent  multiplications  or  divisions  In  which 
these  quantities  are  involved. 

428.  Qraphic  Methods  often  give  satisfactory  results  in  less 
time  than  they  could  be  obtained  by  computation.  For  exam- 
ple, horizontal  curves  may  be  plotted  and  scaled  (see  p.  208), 
gradients  and  vertical  curves  may  be  determined  in  the  same 
way  (p.  289),  areas  may  be  checked  by  scaling  distances  and 
by  means  of  ruled  squares  (p.  408),  contour  points  may  be 
interpolated  graphically  (p.  433  and  p.  498). 

Diagrams  may  be  constructed  to  be  used  in  place  of  tables, 
such,  for  example,  asl;hose  for  reducing  stadia  readings  (p.  482), 
for  determining  latitudes  and  departures  (p.  388),  and  for  esti- 
mating quantities  in  earthwork. 

Remarks  Excellent  devices  for  shortening  office  work  appear  in  the 
engineering  papers  from  time  to  time,  either  in  the  form  of  diagrams  or 
tables.  When  engaged  in  a  special  line  of  work,  be  on  the  alert  to  devise 
similar  diagrams  or  tables.  By  exercising  a  little  ingenuity  a  great  deal 
of  drudgery  may  bo  saved. 

429.  Mechanical  Methods.  Among  the  most  common 
mechanical  devices  for  supplementing  office  computations  are 
the  slide-rule,  the  planimeter  (p.  408),  the  pantograph  (p.  443), 
the  protractor,  and  the  computing  machine.  There  are  several 
forms  of  slide-rules  designed  for  special  purposes,  such,  for 
example,  as  the  stadia  slide-rule  for  reducing  stadia  readings. 
There  are  also  various  forms  of  planimeters,  pantographs,  and 
computing  machines. 


CHAPTER  XXX 


CALCULATION  OF  BEARINGS 


If  the  bearing  of  any  line  of  a  survey  is  known  and  the  angle  ^i^eh 
that  line  makes  with  a  second  line  is  also  known,  the  bearing  of  the  second 
line  can  be  calculated.    The  method  of  calculation  ia  given  m  this  chapter. 


430.  Algebraic  Signs   of   Bearings   and   Angles.      For 

convenience  in  computation  all  angles  measured  to  the  rights  or 
clockwise,  are  plus;  to  the  left,  or  counter-clockwise,  minus.  This 
applies  not  only  to  angles  measured  in  the  field  but  also  to  angles 
of  bearing.  Thus  N.E.  and  S.W.  bearings  are  plus  and  N.W. 
and  S.E.  bearings  are  minus, 

431.  The  Angular  Distance.  If  through  one  end  of  any 
line  a  north  and  south  line  is  estabUshed,  foiur  angles  are  formed, 
two  of  which  are  measured  from  N.  (one  clockwise  and  one 
counter-clockwise)  and  the  other  two  from  S.  (one  clockwise 
and  one  counter-clockwise).  Each  of  these  angles  may  be 
called  the  angtUar  distance  of  the  given  line.     In  giving  the 

angular  distance  of  any  line,  it  is  neces- 
sary, therefore,  to  state  whether  it  is 
plus  or  minu^  and  whether  it  is  meas- 
ured from  N.  or  from  S. 

JUtutration.     The  bearing  of  a  line,  BA,  is 
S.  60°  W.     The  four  angular  distances  are: 

(1)  240°  plus  from  N. 

(2)  120°  mintis  from  N. 

(3)  60°  plus  from  S. 

(4)  300°  tniniia  from  S. 
Note.     Notice  that  when  any  angular  dis- 
tance is  90°  or  less,  it  ia  identical  with  bear- 
ing. 

432.  To    Convert    Angular    Distance    Into    Bearing. 

(1)  Notice  whether  the  angular  distance  is  measured  fnnn 
N.  or  from   S.  and  whether   clockwise   or   counter-clockwise. 

(2)  Imagine  the  angle  turned  off  from  N.  or  from  S.  as  the 
case  may  be  and  from  the  number  of  quadrants  passed  over, 
determine  the  quadrant  of  bearing  (i.e.,  whether  it  is  N.E., 
8,E.,  S.W.,  or  N.W.),  and  then  the  angle  of  bearing. 
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(a)  lUtuiratum,  The  angular  distance  of  a  line  from  N.  ifl  160^  plu9. 
Since  this  is  more  than  00°  clockwise  from  N.,  but  less  than  180°,  the  line 
must  be  in  the  S.E.  quadrant,  20°  from  S.,  i.e.,  the  bearing  is  S.  20°  E. 

(fr)  lUuatration.  The  angular  distance  of  a  line  from  a.  is  220°  tninita. 
Since  this  is  more  than  18(r  counter-clockwise  from  S.,  but  less  than  270°, 
the  line  must  be  in  the  N.W.  quadrant,  40°  from  N.,  Le.,  the  bearing  ia 
N.  40°  W. 

(c)  Illustration.  The  angular  distance  of  a  line  from  N.  is  280°  pluM. 
This  is  more  than  270°  (or  three  quadrants)  clockwise  from  N.,  hence  the 
line  is  in  the  N.W.  quadrant,  i.e.,  bearing  is  N.  80°  W. 

Note.  It  is  important  that  the  student  should  be  able  to  convert  angular 
distance  into  bearing  or  vice  veraa  without  |>uz£ling  over  it,  and  without 
relying  upon  rules.  Form  a  clear  mental  picture  of  the  four  quadrants 
of  bearing,  the  starting-point  N.  or  S.  as  the  casS  may  be,  the  diredtion 
plus  or  minus,  the  nuniber  of  quadrants  passed  over,  and  the  final  location 
of  the  line.  The  mental  process  is  a  simple  one,  and  once  the  idea  is 
crasped,  it  ceases  to  be  a  matter  of  memory.  Practice  on  the  following 
Ulustration,  checking  the  colunms  of  bearings  until  sure  of  the  method. 


ANO.  DI8T.  BEARING 

N.    60°+  N.  60°E. 

N.  1709+  8.  10°  E. 

N.    80°-  N.  80°W. 

N.  260°+  S.  80°  W. 

N.  300°-  N.  60°E. 


ANO.  DIST.  BEARING 

8.     20°+  8.  20°  W. 

8.  130°+  N.  50°  W. 

8.  280°-  8.  80°  W. 

N.  310°+  N.  50°  W. 

8.  260°+  N.  80°  E. 


(d)  To  convert  azimuth  into  hearing.  This  is  simply  a  special 
case  of  the  method  just  explained,  for  the  azimuth  of  a  line  is 
the  same  as  its  angular  distance  measured  plu^  from  N. 

433.  Calculating  Bearings.  The  bearing  of  one  line  is 
known,  the  angle  which  that  line  makes  with  a  second  line  is 
also  known,  required  the  bearing  of  the  second  line. 

(1)  Set  down  the  given  BEARING  followed  by  the  correspond" 
ing  sign  (Art.  430). 

Note.  Every  line  has  two  bearings  (Art.  155,  p.  112).  Be  sure  to  use 
the  one  corresponding  to  that  end  of  the  line  at  which  the  given  angle 
was  measured, — change  the  given  letters  if  necessary.  8ee  illustration  at 
the  end  of  this  article. 

(2)  Set  down  the  given  ANGLE  followed  by  the  corresponding 
sign  (Art.  430). 

(3)  Add  (1)  and  (2)  ALGEBRAICALLY;  put  the  first  letter 
of  the  given  bearing  in  frorU  of  the  result  and  the  proper  algebraic 
ngn  after  it. 

Note.  The  result  in  (3)  is  an  angular  distance;  the  letter  in  front  tella 
whether  it  is  measured  from  N.  or  from  S.,  and  the  sign  gives  the  direc- 
tion,-—clockwise  if  plus,  counter-clockwise  if  minus. 

(4)  Convert  the  angular  distance  in  (3)  into  bearing  (Art.  432). 

(a)  lUuetratum.  The  bearing  of  a  line  BA  is  N.  60°  E.;  angle  ABC* 
dOr  clockwise;  required  the  bearing  of  BC, 

jlSC"    '    80°     '+  "^^  student  should  draw  a  figure 

M        r«'  X     f  D/T     XT   tlKo        .  showing  the  four  cdfaipass-points  and 

Ang.Dist.  of  BC-N.  140°       +  t^e  Unes  AB  and  BC. 
Beanng  of  BC   -8.     40°  E, 
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(&)  IUu9traiion.    The  bearing  of  a  line  BA  is  N.  eO**  W.;   angle  ABC'» 
80^  clockwise;  required  the  bearing  of  EC, 


BA  =  N.  6<y»  W.- 
ABC^      80^       + 

Ang.  Dist.  of  BC=N.  20°       + 
Bearing  of  BC=N.  20°  E. 


Since  one  sign  is  plus  and  the  other 
minus,  the  algebraic  sum  ia  really 
one  angle  subtracted  from  the  other. 
Show  by  a  figure  that  this  is  correct. 


In  each  of  the  two  preceding  illustrations  the  given  angle  was  measured 
clockwise.  The  method  holds  good  for  angles  measured  counter-clockwise, 
or  to  the  left. 

(c)  Illustration.  The  bearing  of  a  line  BC=S.  40°  E.;  angle  CBA-^SOf^ 
counterrclockwise;  required  the  bearing  of  AB, 


BC 
CBA 


S. 


40°  E. 
80° 


Ang.  Dist.  of  BA  -  S.  120° 
Bearing  of  Bii«-N.    60°  E. 


By  the  same  figure  used  in  connec- 
tion with  the  first  illustration  the 
student  can  see  that  the  process  hero 
indicated  is  correct. 


(d)  An  important  distinction.  The  bearing  taken  at  one  end 
of  a  line  should  never  be  used  in  connection  with  an  angle 
taken  at  the  other  end  without  first  changing  the  letters.  The 
importance  of  this  distinction  is  shown  in  the  following  illus- 
tration. The  bearing  AB  is  given  as  S.E.,  but  the  given  angle 
was  measiu^d  at  5,  hence  the  bearing  of  BA  must  be  used^  and 
this  is  N.W.,  not  S.E.     (See  note  at  the  top  of  p.  113.) 


IMOORRECT 

AB=S.  60°  E.- 
ABC=    105f      + 

Ang.Dist.  ofBC-S.  45°      + 
Bearing  of  5C    «=S.  45°  W.  Incorrect 


coBBixrr 


BA=N.  60°  W.- 
ABC-'     105°       + 


Ang.  Dist.ofBC  =  N.  45°       + 
Bearing  of  5C=N.  45*  E.  Correct 


It  is  seen  that  if  the  incorrect  bearing  S.E.  is  used  to  start 
with,  the  result  makes  the  point  C  appear  to  be  S.W.  of  B  when 
it  really  is  N.E.  of  B. 

(e)  Cheek.  By  arranging  the  last  two  letters  of  any  angle  directly  nnder 
the  two  letters  of  the  preceding  line,  as  shown  above,  the  following  check 
may  be  used:  When  the  middle  letter  of  an  angle  is  not  the  »ame  a«  the  letter 
dirictly  above  it  the  bearing  of  the  preceding  line  must  be  changed,  otherwiae  it 
may  be  left  as  it  is.  (Why?)  Thus,  in  the  first  column,  B,  the  middle 
letter  of  ABC,  is  under  A,  hence  AB  (S.E.)  is  changed  to  BA  (N.W.)  in 
the  second  column.      ^See  also  the  note.  Art.  434  (a),  p.  382.) 

(/)  Remark.     The  above  method  holds  good  no  matter  in  which  quad- 
rant of  bearing  the  given  hne  may  lie,  or  whether  the  given  angle  is  meas- 
ured to  the  left  or  to  the  right.     The  method  i.s  a  very  simple  one,  and  the 
somewhat  extended  explanation  on  the  preceding  pages  is  justified  <mi^ 
by  the  fact  that  for  some  rea.«?on  many  students  find  difficulty  in  calcu- 
lating bearinc^.  especially  in  the  field.     At  first,  in  order  to  be  sure  of  the 
correctness  of  the  method  in  any  given  case,  it  may  be  necessary  to  make 
a  sketch,  drawing  the  given  line  in  its  proper  quadrant  of  bearing,  and 
then  roughly  plotting  the  given  angle.     It  is  far  better,  however,  to  do 
all  this  mentally.     Until  the  student  can  «es  in  a  mental  picture  tiie  reasoQ 
for  each  step  of  the  method  as  he  takes  it,  he  cannot  consider  himself  pro- 
ficient  in   calculating  bearings.     To  this  en<l,   practice  on    the  examples 
jpven  below,  checking  the  bearings  in  the  last  column.     The  calculation 
js  purposely  omitted  in  some  cases.     Notice  in  each  case  whether  tha 
given  bearing  is  forward  bearing  or  back  bearing. 
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BZAHFLEa   IH   CAMTUIilTlHa   B 

B-Angle  totheright;  L - Aagle  to  th* Wt. 


;;  S  50°E 
I:  N30°  W 
*:  N  SO"  E 
>:  H  aO°  E 
>:  N  30°  E 


AS:  a  70°  W 


BA-.S  30°  W 


+  30N 

+  SO  N    _.    . 

S  15(P  + 


■30 -SOS     20°- 


N30°W 

8  eo°E 
a  R0°  w 

S90°  W 


434.  Application  of  the  Method  to  b  System  of  Transit 
Une*.  When  is  any  survey  the  bearing  of  each  transit  line 
is  calculated  froin  tbe  bearing  of  the  preceding  transit  line, 
the  bach  bearing  of  tbe  preceding  line  must  be  used,  for  reasons 
given  in  the  preceding  article. 

This  is  illustrated  by  Fig.  434  and  the  corre^Kinding  oompu- 
tationa  given  below.  Thus  if  the  bearing  of  AB  is  S.  30°  £. 
this  is  changed  to  N.  30°  W. 
in  order  to  find  the  bearing 
of  BC  (N.  60"  E.).  This 
bearing  of  BC  must  then  bo 
changed  to  S.  60°  W.  in  order 
to  find  tbe  bearing  of  CD, 
and  so  on.  In  the  compu- 
tation these  changes  are  in- 
dicated by  letters  in  paren- 
tbeaie,  and  the  letter  placed  be- 
fore the  angular  distance  will 
be  the  first  tetter  in  the  -pre- 
eeding  parenthesis.  In  this 
way  the  computations  can  be  kept  in  a  continuous  foim  ae  shown 
here,  and  as  still  better  illustrated  on  p.  391. 


382  CALCULATION  OF  BEARINGS 

It  is  seen  from  these  two  sets  of  computations  that  it  is  im* 
material  in  which  direction  angles  are  taken  provided  proper 
account  is  kept  of  algebraic  signs. 

ANGLE  TO  RIOHT  ANGLE  TO  LEFT 

AB= S.    30^  E.  -  (N.W.)  AB= S.    30°  E.  - 

ABC=        90*^       +  BAD=      100°       ~ 

BC = N.    60°  E.  +  (S. W.)  AD = S.  1 30°       - 

BCD=-        75°       +  A2)=N.    50°E. +(S.W.) 

C2)  =  S.   135°       +  ADC=        95°       - 

C2)=N.    45°W.-(S.E.)  Z>C=S.    45° E. -(N.W.) 

CDA  95°       +  DCB^        75°       - 

2)A  =  S.     50°W.+  (NJS.)  CB=N.  120°       - 

DAB^      100°       +  C5=S.    60°W.  +  (N.E.) 

AB=N.  150°       +  CBA^        90°       - 

il5= S.     30°  E.  (check)  BA  =  N     30°  W.  -  (check) 

(a)  iSTote.  Apply,  by  inspection,  the  check  of  Art.  433  (e),  p.  380.  In 
the  second  column  A  in  the  angle  BAD  is  like  the  let^r  directly  above  it, 
and  hence  the  bearing  of  AB  is  left  unchanged,  i.e.,  S.E.  On  the  oth^ 
hand  the  middle  letter  of  every  other  angle  is  unlike  the  letter  above  it, 
and  hence  the  bearing  preceding  each  of  the  other  angles  is  changed  as 
indicated  by  the  letters  in  the  parentheses. 

(6)  Calculating  hearings  from  deflection  angles.  Precisely  the 
same  method  holds  good;  except  that  the  forward  bearing  of  the 
preceding  line  is  used  each  time  instead  of  the  hack  bearing. 
(See  Art.  189  (a),  p.  127,  for  an  illustration.)  Prove  that  this 
method  is  correct. 

(c)  To  change  the  hearings  of  all  lines  of  a  traverse  hy  the  same 
amount.  This  is  also  a  special  case.  Give  the  proper  sign  to 
the  angle  by  which  each  bearing  is  to  be  changed,  according  to 
whether  the  lines  are  to  be  swimg  clockwise  or  coimter-clock- 
wise.     Add  this  angle  algebraically  to  each  bearing. 

Example.  (1)  In  Fig.  434  change  the  bearing  of  AB  to  S.  50^  E.  and 
find  the  corresponding  bearings  of  the  other  three  lines,  changing  each  by 
the  same  amount.  (2)  Change  BC  to  N.  30°  £.  and  find  the  correspond- 
ing bearings  of  the  other  three  lines. 

435.  To  Calculate  the  Angle  between  Two  Lines  when 
their  Bearings  are  Known.  This  is  simply  the  reverse  of 
the  process  already  given. 

Method,  (1)  Make  sure  that  the  two  bearings  are  both  from 
the  same  station,  i.e.,  if  necessary  reverse  the  letters. 

(2)  Choose  either  line  as  a  backsight  and  convert  the  bearing 
of  the   other  line   into  angular  distance,  measured   from  the 
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same  point  (N.  or  S.)  from  which  the  beariog  of  the  backsight 
is  measured. 

(3)  Give  to  the  bearing  of  the  backsight  and  to  the  angular 
distance  of  the  other  Hne  each  its  proper  algebraic  sign,  and 
subtract  algebraically  the  former  from  the  latter,  i.e.,  the 
bearing  from  the  angular  distance. 

(4)  The  result  is  the  required  angle  measured  clockwise  or 
counter-clockwise  from  the  assumed  backsight  according  to 
whether  the  sign  is  plus  or  minus. 

If  the  student  thoroughly  understands  the  method  given  on 
the  preceding  pages  he  will  have  no  difficulty  in  proving  the 
correctness  of  the  method  given  above. 

Illustration,  Calculations  of  the  angles  in  Fig.  434  from  the  given  bear- 
ings. Given:  AD-N.  50°  E.  and  AB  =  S.  30°  E.  to  find  DAB.  This  can 
be  done  four  different  ways, — two  assuming  A/>  as  a  backsight,  and  two 
assuming  AB  as  a  backsight. 

AD  assumed  as  a  backsight. 
iiB  =  N.  150°       +  or     AB  =  N.  210°       - 
AZ)  =  N.    50°E.+  or     A/>  =  N.    50°  E.-f 

DAB"      100°       +orDAB=-      260°      - 

AB  assumed  as  a  backsight. 
AD-S.  130°       -  or     AD^^.  230°       + 
jJB-S.    30°E.~  or     AB^Q.    30°  E.- 

BAD-*      100°      -or  BAD-      260°      + 

In  the  above  illustration  the  algebraic  sign  of  each  result  indicates  in 
which  direction,  clockwise  or  counter-clockwise,  the  angle  is  measured 
from  the  assumed  backsight.  Find  the  angles  at  B,  C,  and  i>  in  a  similar 
manner. 


CHAPTER  XXXI 

LATITUDES  AND  DEPARTURES 

This  thedry  of  httitudes  and  departures  explained  in  this  chapter  is  as 
simple  as  it  is  important.  Latitudes  and  d^[)srtures  are  used  in  plotting 
maps  (see  Chapter  XLI);  also  in  calculating  omitted  measurements  (Chap- 
ter XXXII)  and  areas  (Chapter  XXXIII). 


436.  Latitude  and  Departure  are  tenns  for  two  co-ordi- 
nate distances,  6ne  {the  latitude)  measured  parallel  to  a  north 

and  soiUh  line,  the  other  (the  de^ 
parture)  meaeured  parallel  to  an 
east  and  west  line. 


lUuatratum.  In  Fig.  436  a  line  AB  is 
in  the  N.E.  quadrant.  AC=-DB  is  its 
latitude  and  AD  =  CB  is  its  departure. 
The  angle  CAB  is  the  hearing  of  the  line. 

Latitude  difference  and  longitude  differ" 
ence.  Terms  preferred  by  some  writers 
to  the  old  and  established  terms  latitude 
Fig.  436.  and  departure. 

437.  Latitude  and  Departure  is  Found  from  the  Bear- 
ing.    It  is  evident  fron^  Fig.  436  that 

Length  of  the  lAneX  Cosine  Bearing = Latitude  of  the  Line. 
Length  of  the  LineXSine  Bearing  =  Departure  of  the  Line, 

lUuetration.  A  Une  AB  in  Fig.  436  is  500  feet  long.  Its  bearing  is 
N.  60°  E.  The  natural  cosine  of  60^  =  0.500;  the  natural  sme  of  60*- 
0.866. 

Length  X  CJos.  Bear.  =  Latitude.        Length  X  Sin .  Bear.  =  Departure. 
600  ft.  X      0.500      « 250  ft.  500  It.  X    0.866       =433  ft. 

Note.     For  other  trigonometric  relations,  see  p.  400. 

438.  Algebraic  Signs  of  Latitudes  and   Departures  are 

determined  by  the  quadrants  of  bearing.  Latitudes  are  plt^ 
when  the  bearing  is  north,  minus  when  the  bearing  is  south. 
Departures  are  plus  when  the  bearing  is  east,  minus  when  the 
bearing  is  west.  Thus  the  first  letter  of  a  bearing  (N.  or  S.) 
determines  the  sign  of  the  latitude,  and  the  second  letter  of  the 
bearing  (E.  or  W.)  determines  the  sign  of  the  departure. 
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IlluMration.  In  Fig.  438  a  line  has  been  assumed  in  each  of  the  four 
quadrants  of  bearing,  thus  illustrating  all  possible  cases.  The  algebraic 
■igns  are  shown  on  the  figure  and  indicated  also  in  the  following  t&me : 


Line 

AB 
FG 
JK 
OP 

N 

t 


Bearing 

N.E. 
8.E. 
S.W. 
N.W. 


Latitude 
N.(  +  )      S.(-) 
AC 

FT 
JM 
OQ 


Departure 

E.(  +  )      W.(-0 


AD 
FH 


JL 
OR 


W 


7:rri 


E  w — ^ 


i 


E  W-- 


Fio.  438. 


Remark.  These  algebraic  signs  correspond  to  those  in  common  use  for 
ordinate  and  abscissa,  i.e.,  above  the  axis  of  reference  plue;  below, — minue; 
to  the  riqhi  of  the  axis  plus;  to  the  left, — minue. 

Illustration.  The  calculation  of  latUudee  and  departuree  according  to  the 
method  of  Art.  438  is  indicated  below. 


LineXCk>s.  Bearing  —  Latitude. 

N.(  +  )   S.(-) 
ABxCos.BAli.      AC 
FG^Cos.  GFS.  FI 

JKXCos.KJS.  JM 


OP  X  Cos.*  PON.       OQ 


Line  X  Sin.  Bearing  =•  Departure. 

E.(  +  )      W.(-) 
AB X&in.  BAN.     AD 
FGXSin.GF&.      FH 
JKX&in.  KJS.  JL 

OP  X Sin.  PON.  OR 

Remark.  It  is  evident  that  the  departure  of  any  north  and  eouth  line  is 
zero,  and  that  the  latitude  of  any  east  and  toeet  line  is  zero. 

439.  The  Latitudes  and  Departures  of  a  System  of 
Transit  Lines  may  be  used  for  determining  the  position  of  any 
station  with  respect  to  any  other  station.  The  algebraic  sum 
of  the  latitudes  of  all  the  lines  between  any  two  stations  gives 
the  distance  that  one  of  those  stations  is  north  or  south  of  the 
other;  and  the  algebraic  sum  of  the  departures  gives  the  dis- 
tance one  station  is  east  or  west  of  the  other. 

lUuatration.  In  Fig.  439  let  it  be  required  to  find  the  position  of  J  with 
rfippert  to  f'.  Suppose  thai  the  latitudes  and  departures  have  been  found 
by  calculation  to  be  the  quantities  indicated  on  the  figure.  Tabulate  the 
quantities  thus: 


Line    Bear. 


FG 
OH 
HI 
IJ 


S.E. 

N.E. 

NW. 

S.E. 


Latitude  Departure 

+  (N.)-(S.)  +(E.)-(W.) 

65  80 

40  97 

54  66 

48  127 


■*-l27 


+04-113 
+  94 


+  304-66 
-   66 


-   19     +238 


+  97 
Fig.  439. 


It  IS  seen  that  J  is  19  ft.  south  of  F  and  238  ft.  east  of  F.  It  is  evi- 
dent that  the  position  of  any  point  with  respect  to  any  other  point  Can 
be  determined  in  like  manner.     Thus: 
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/  ifl+07-66-31  ft.  east  of  G  and  +  40+54-94  ft.  north  of  G. 

Remark.  This  principle  is  made  use  of  in  plotting  (Chapter  S  LI)  and 
in  the  calculation  of  omitted  measurements  and  of  areas  (Chapters  XXXTI 
and  XXXIII);  also  in  parting  off  land  (Chapter  XXXIV). 

440.  In  a  Closed  System  of  Transit  Lines  the  algebraic 
sum  of  the  latitudes  should  be  zero  and  the  algebraic  sum  of 
the  departures  should  be  zero. 

Remark.  This  simply  means  that  if  a  man  walks  around  a  closed  sys- 
tem of  transit  lines  returning  to  the  starting-point  he  will  have  walked  as 
far  north  as  he  walked  south,  and  as  far  east  as  he  walked  west,  i.e.,  norths 
inge  and  aoxdhinge  are  equal  and  eastings  and  wettinge  are  equal. 

441.  The  Error  of  Closure  of  a  Survey  (see  p.  119)  may  be 
ascertained  by  finding  the  difference  between  the  north  lati- 
tudes and  the  south  lati- 
tudes and  the  difference 
between  the  east  departures 
and  the  west  departures. 

IHttetrcUion.  In  Fig.  441  is 
shown  a  closed  system  of  transit 
hnes.  Suppose  the  latitude  and 
departure  of  each  line  have  been 
found  from  calculation  to  be 
equal  in  feet  to  the  numbers  in- 
dicated in  the  figure.  They  may 
Fig.  441.  be  tabulated  as  follows: 

lane     Length  Bearing     N.Lat.(+)  S.Lat.(-)  E.Dept.(  +  )  W.Dept.(-) 

Jb"      638.3     S.-E.  -200.2'  499.7' 

234.9     N.-E.  180.1'  150.8* 


^ J^.1. ,_Xr— ^— 


BC 


357.7     N.-W. 
391.5     S.-W. 


1522.4 


180.1' 
194.9* 


+376.0 


Error' 


-175.0* 

-375.2' 
+375.0' 


+  650.6 


-300.0* 

-350.2' 

-650.2' 
+  650.6' 


-0.2S.     and 


+0.3E. 


Error  of  closure=^^(0.2)2+ (0.3)2  =  >/ai3  =0.36  s.E. 


Since  the  total  distance  around  the  polygon  is  1522.4,  the  error  of  closure 
n  ^A  1 

is  ,  ^'     ^  or  about  t^^xtz.     This  is  the  apparent  error  of  the  field  work.    The 
1 522.4  4230 

real  error  in  field  work  may  have  been  much  greater,  since  the  apparent 
error  includes  compensating  errors.  For  example,  a  north  latitude  which 
is  too  large  may  be  offset  by  a  south  latitude  which  is  also  too  large,  or  a 
west  departure  which  is  too  small  may  be  offset  by  an  east  departure  which 
is  also  too  small. 

The  direction  of  the  error  is  indicated  by  the  algebraic  signs.  Thus  in 
this  example  the  error  in  latitude  ( —  0.2)  and  the  error  in  departure  (  +  0.3) 
indicates  error  south  and  east,  i.e.,  0.36  southeast. 

Permisnble  error  of  closure.     (See  p.  160.) 
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442.  Each  Line  has  Two  Bearings,— Which  Is  Used? 

In  computing  latitudes  and  departures  one  may  go  around  the 
polygon  in  either  direction,  but  the  bearings  used  must  all  be 
forward  bearings  for  the  direction  chosen, 

lUuatrcUion.  If  in  Fig.  441  one  goes  around  the  polygon  from  A  to  B 
to  C  to  Z>  to  A,  the  bearings  used  are  those  noted  on  the  figure  because 
they  are  all  forward  bearings  for  the  direction  chosen.  But  if  one  ^oea 
around  in  the  opposite  direction  (A  to  D  to  C  to  B  to  A),  the  bearmgs 
should  be  changed  so  that  they  all  will  be  forward  bearings  for  that  direc- 
tion, i.e.,  AD  =  N.  63°27'E.,  DC  =  S.  57*»  E.,  CB  =  S.  39°  56' W.,  and 
BA=N.  68°  10'  W.  The  principal  thing  to  avoid,  therefore,  is  the  care- 
less use  of  a  back  bearing  in  place  of  a  forward  bearing.  For  example, 
suppose  that  in  Fig.  441  the  bearing  of  CD  had  been  put  down  S.  57  E. 
instead  of  N.  57°  W.,  the  other  bearings  remaining  as  they  are  in  the  dgure. 
In  the  tabulated  form  the  latitude  of  CI*  would  then  oe  entered  in  the 
south  column  and  its  departure  in  the  east  column,  and  of  course  the  sur- 
vey would  not  close. 

443.  To  Compute  Latitudes  and  Departures,  Using 
Azimuths*  It  is  not  necessary  to  convert  azimuths  into  bear- 
ings. If  the  azimuths  are  measured  clockwise  from  the  north 
point  as  zero,  and  the  usual  trigonometric  rules  for  signs  are 
observed,  the  signs  of  the  trigonometric  functions  of  any  azi- 
muth will  agree  with  the  signs  of  the  corresponding  latitudes 
and  departures  as  given  on  p.  385.  Thus  the  N.E.  quadrant 
will  correspond  to  the  first  quadrant  in  trigonometry,  the  S.E. 
quadrant  the  second,  S.W.  the  third,  and  N.W.  the  fourth. 
This  is  the  principal  reason  for  reckoning  azimuths  from  N. 
instead  of  from  S.  (see  p.  114,  Art.  160  (6)). 

lUuatraHon.  In  Fig.  441  the  azunuth  of  DA  would  be  243°  27'.  The 
cosine  and  sine  of  243  27'  are  both  minus,  hence  the  latitude  and  depar- 
ture of  DA  are  both  minus,  or  south  and  west  respectively.  The  student 
can  easily  satisfy  himself  in  regard  to  the  signs  in  the  other  quadrants  in 
a  WTnilftr  manner. 

444.  Different  Methods  of  Finding  Latitudes  and  De- 
partures, (a)  By  computation.  The  length  of  each  line  may 
be  multiphed  by  the  natural  cosine  and  sine  of  its  bearing,  but 
usually  it  is  quicker  to  work  with  logarithmic  tables.  System- 
atic forms  of  computation  facilitate  the  work  and  diminish 
chances  of  error.  A  complete  example,  showing  a  form  for 
logarithmic  work  and  a  method  of  tabulating  results,  is  given 
on  pages  393  and  394. 

(J))  Traverse  tables  are  simply  tables  of  natural  sines  and 
cosines  from  0°  to  90°  multiplied  by  1,  2,  3,  etc.,  to  10,  and 
in  some  tables  to  100.  In  the  common  forms,  values  are  given 
for  every  quarter  degree,  but  such  tables  are  good  only  for 
rough  compass  surveys  and  work  of  a  svimVw  xvaXvttfe,    'X.^i^^'a* 
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such  as  those  of  Boileau  giving  values  for  every  minute  of 
arc,  are  exceedingly  useful.  In  finding  the  latitude  and  de* 
parture  of  any  length  expressed  by  several  figures,  the  latitude 
and  departure  for  each  digit  is  read  from  the  table  (using  the 
given  bearing),  and  brought  to  the  correct  value  by  moving 
the  decimal  point.    The  several  quantities  are  then  added. 

lUtuiration.  The  following  line  of  values  is  taken  from  a  traverse  table. 
Only  half  a  line  is  shown;  the  other  half  is  usually  given  on  the  opposite 
page. 

12  3  4  5 

Lat.     Dep.      Lat.      Dep.     Lat.     Dep.      Lat.      Dep.      Lat.      Dep. 
30^0.866   0.500     1.732     1.000    2.598    1.500    3.464     2.000     4.330     2.500 

Suppose  that  a  line  is  N.  30**  E.  and  its  length  is  4  ft.;  then  its  latitude 
is  3.464  and  its  departure  is  2.000.  If  the  line  is  40  ft.  instead  of  4  ft., 
the  two  values  are  34.64  and  20  ft.;  if  400  ft.  long  the  values  are  346.4 
and  200.0  ft.,  and  so  on. 

Let  it  be  required  to  find  the  latitudes  and  departures  of  the  two  lines 
AB  and  CD,  whose  lengths  and  bearings  are  given  below. 

AB  CD 

L*gth  =  542.3  ft.,  Bearing  =  N.  30°  W.     L'gth- 503.1  ft..  Bearing  =  S.  30*  W 
Latitude  Departure  Latitude  DeptarturQ 

433.0  250.0  433.0  250.0 

34.64  20.0  00.0  00.0 

1.732  1.0  2.598  1.5 

.26  .15  .086  .03 


469.63  N.  271.15  W.  435.68  S.  251.55  W. 

Remark.  When  a  zero  occurs  in  a  number,  instead  of  inserting  the  seros, 
as  shown  above,  move  the  next  number  over  two  places.  A  natural  mis- 
take which  might  be  made  in  the  second  illustration  is  that  of  putting 
down  0.8  instead  of  0.08  and  0.5  instead  of  0.05  for  the  latitudes  and  de- 
partures, respectively,  of  the  digit  1  in  the  quantity  503.1. 

(c)  Trigonometer.  A  device  for  finding  graphically  the  lati- 
tude and  departure  of  any  line.  A  diagram  is  constructed  on 
regular  cross-section  paper,  or  squares  may  be  ruled  to  any 
desired  scale.  From  the  lower  left-hand  comer  of  the  diagram 
as  an  origin,  distances  are  numbered  along  the  horizontal  and 
vertical  edges.  A  revolving  arm,  pivoted  at  this  origin,  has  a 
straight-edge,  which  if  produced  would  pass  through  the  origin. 
This  straight-edge  is  graduated  to  correspond  to  the  scale  of 
the  cross-section  paper.  The  upper  and  right-hand  edges  of 
the  diagram  are  marked  to  correspond  to  degrees  and  fractions 
of  degrees,  with  the  origin  as  a  center.  By  means  of  this 
angular  graduation  the  revolving  straight-edge  is  set  to  the 
bearing  of  the  given  line,  the  length  of  the  line  is  noted  on  the 
straight-edge,  and  the  corresponding  latitudes  and  departures 
are  read  from  the  cross-section  scale.  If  azimuths  are  used 
instead  of  bearings  the  numbering  of  angles  should  be  con- 
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tinued  up  to  360°.  This  instrument  is  useful  in  rough  deter- 
minations, such  for  example  as  those  needed  in  plotting  to  a 
small  scale,  but  of  course  the  degree  of  precision  which  can 
be  attained  is  far  less  than  that  obtained  by  computation. 

445.  A  Complete  Example  in  the  Computation  of  Lati- 
tudes and  Departures.  The  computations  on  pages  390  to 
394  illustrate  every  step  in  finding  the  co-ordinates  for  plotting 
by  the  method  of  latitudes  and  departures. 

(1)  A  rough  sketch  of  the  transit  lines  was  drawn  (p.  390);  angles  and 
distances  taken  from  the  field  notes  were  copied  on  this  sketch  and  checked 
by  again  comparing  with  the  field  notes. 

(2)  Angles  were  adjusted  so  that  the  siim  of  the  interior  angles  in  each 
polygon  would  be  correct.  (See  p.  119.)  The  error  was  not  distributed 
equally  in  this  case,  as  there  were  certain  checks  on  some  of  the  tuigles, 
\i^ile  on  others  there  were  no  checks.  Where  adjusted  values  differed 
from  the  original  values  the  latter  were  crossed  out  and  the  adjusted  Values 
written  in  red  ink. 

(3)  The  field  notes  gave  the  angle  between  Polaris  at  its  eastern  elonga- 
tion and  the  line  FF  as  63°  25'  (see  p.  390),  hence  the  true  bearing  of  FV 
was  63°  25'  + 1°  37' =  N.  66°  02'  E. 

(4)  Starting  with  YV  =  N.65°  02'  E.  the  bearings  of  all  the  other  lines 
were  calculated  from  the  adjuHed  values  of  the  angles.  The  form  shown  on 
p.  391  is  not  quite  so  compart  as  that  given  on  p.  382,  and  there  are  other 
minor  changes,  but  the  method  is  the  same  as  that  explained  in  the  precede 
ing  chapter.  The  student  is  advised  to  follow  closely  the  form  on  p.  382 
instead  of  that  on  p.  391. 

Remark.  In  mbany  surveys  no  observations  are  taken  to  determine  the 
true  meridian.  In  that  case  the  magnetic  bearing  of  any  line  which  is 
thought  to  be  correct  may  be  assumed  to  start  with,  or  this  magnetic  bear- 
ing may  be  changed  to  a  true  bearing  if  tbe  declination  is  known.  So 
far  as  plotting  is  concerned,  it  makes  no  difference  what  value  is  taken 
for  the  bearing  of  the  first  line;  an  absolutely  fictitious  bearing  may  be 
used,  provided  the  bearings  of  all  other  lines  are  computed  from  the  trav- 
erse angles.  The  relative  positions  of  all  points  on  the  map  will  be  correct, 
and  this  in  many  cases  is  all  that  is  required. 

(5)  Another  rough  sketch  was  made  of  the  transit  lines  (see  p.  392), 
and  the  length  and  the  calculated  bearing  marked  along  each  line. 

(6)  Latitudes  and  departures  were  computed  by  logarithms  (see  p.  393). 
llie  data  from  the  sketch  on  p.  392  were  entered  in  the  first  column  as 
shown,  then  all  the  log.  sines  and  cosines  were  looked  up,  then  all  the  loga- 
rithms of  the  lengths,  then  the  additions  were  performed  and  finally  the 
latitudes  and  departures  were  ascertained  from  corresponding  logarithms. 
In  this  way  like  operations  were  grouped  to  save  time.  (See  p.  374  for 
other  suggestions  for  the  use  of  logarithms.) 

(7)  The  results  obtained  in  (6)  were  tabulated  in  the  first  seven  col- 
umns on  p.  394.  The  eiTors  are  found  to  be  0.02  and  0.14  ft.  for  latitudes 
and  departures  respectively. 

(8)  The  last  step  was  to  compute  and  tabulate  the  last  three  columns 
(p.  394)  for  purposes  of  plotting  as  explained  on  p.  472. 

Checks.  If  the  errors  m  (7)  are  found  to  be  very  large,  apply  two  checks: 
(1)  Compare  each  latitude  and  each  departure  with  the  first  and  last 
letters,  respectively,  of  the  bearing  of  the  corresponding  line  to  see  if  each 
has  been  entered  in  the  proper  column,  N.  or  S.  and  E.  or  W. 

(2)  See  if  a  latitude  ancf  a  departure  have  not  been  interchanged,  the 
latitude  being  put  ift  a  departure  column  and  vice  versa.  To  do  this  notice 
if  the  bearing  of  each  course  is  greater  or  less  than  45°;  if  it  is  greater, 
the  departure  should  be  greater  than  the  latitude,  otherwise  it  should  be 
less.     (See  an  article  by  Mr.  Gould,  p.  397.) 

(3)  If  no  mistakes  are  discovered  in  (1)  and   (2),  make  sure  that  the 
data  were  copied   correctly  and  go  over  the   computations  again.     One 
can  often  tell  from  inspection  which  latitude  and  dep«k,tt\ix«k  \a  -axc>"5>\.  X^*^^ 
to  be  incorrect,  and  therefore  which  computation  to  c\iec^5.  ^x^\« 
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Angles  and  Distances-  Main  Trans/t Lines 
AcfJusteGf  i/alues  in  red  inl<. 


63SAS 


Not  drakvn  to  scale 
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Calculations  for  Bearings 

Outside  Lines 

Outs/afe  Lines          \ 

Eiongcftion   ^37' 

SR    - 

N  32^*01' \A/- 

Polaris 

ez^'zs' 

RST  = 

122'' 58'    + 

YV    = 

N  65''02'E  -f  <^>S:W6^ 

QO^'SS'    -h 

Y^W  = 

99''52'     + 

/80''  0'    - 

/64''54*    + 

ST    - 

5  ag^os'E  -  /^Aiy 

/80''  0'    - 

STU  = 

/7P°-?J'    -^ 

vw  = 

N  IS^'OS'W^lS.E) 

90''38'   + 

VWN  — 

228^^6'     -*- 

/80'' 0'    - 

2I0''30'     + 

TU    - 

S89'*22E  -(N.W) 

fSO''  0'     - 

TUI/= 

/05''2I'    -f 

WN    = 

iV  ZO^'ZO'E  -h  (SW.) 

Ul/  = 

/V  /S^'SQ'E  -h  (SW.) 

WNO  = 

47V f '     -h 

(////4^^ 

I48''55'    -h 

NO     = 

S  77%l'W+(N.E) 

/64''54'    -h 

NOP  = 

/80''23'     -h 

180''  0'     - 

2S8''04-'    + 

I//y  == 

rChecir)^ 

OP    — 

/80''  0'     - 
5  78''04-'iVi'(N.E} 

insic/e  Lines 

OPQ   == 

I00''49'    -h 

TS    = 

N  89°05W  - 

lia^'SZ'     -h 

STK  = 

.  87''/4'     + 

/SO**  0'     - 

7V^    = 

A/  /""S/'W  '(SE) 

PQ     = 

S     l''07'E '(N.W) 

TY\/  = 

7/3'' 07'    " 
//4°58'     - 

PQR  = 

/80''4I'     + 
179'' 34'    + 

/<5^°  0'     + 

yv   — 

N  65''02'E  + 

/80''  0'     - 

l/YkV  = 

30° 22'    - 

QR     = 

5  0''26E  -fM^V) 

YtV    = 

N  34''40'E  + 

(?/?5    = 

/48''23'     -h 

WYQ  = 

I26''24'     - 

i47''57'    + 

91°  44'     - 

180''  0'     - 

180°  0'     -h 

RS      = 

S32^03'£   - 

YQ  = 

5  88''  /6'i^-h 
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True  Bearings,  -  Main  Transit  L  ines 
Bearing  of  one  line  (Y\/).  found  from  an 


observation  on  Polar/s 


S  78^04^ 


Not  dravvn  to  sco/e. 
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Calculatj 
Ouantity 

5  i^'or^ 

624,34 

PQ^ 

on  of  Ld 
Departure 

/2,I7 

^ntude  a. 

Log,  Sin 
8,28977 
2. 79542 

na  Depa 
Log.  Cos 

9 99992 
2.  79542 
2. 79534 

rtures. 
Latitude 

624.23 

i.085/9 

S  0''26'£ 
2i8,66 

/.6S 

7.87870 
2.33977 
0.21847 

9.99999 
2.33977 
2.33976 

2/8.65 

S32''03'£ 
239.45 

i3707 

9. 72482 
2.37922 
2.10404 

9.928/8 
2.37922 
2.30740 

202.95 

Sd9''05'£ 
294.76 

29472 

9.99  994 
2.46-946 
2.46940 

8.20407 
2.46946 
0.67353 

4.72 

S89''£B'£ 
322.4 

322.38 

9.99997 
2.50840 
2.50837 

8.04350 
2.50840 
055190 

3.56 

NI5''59'£ 
719.00 

/  97.98 

9.43990 
2.85673 
229663 

998288 
2.85673 
2.8396/ 

69/. 2  2 

Nis^'oew 

390.3 

101.68 

9.4/582 
2.59/40 
200722 

9.98474 
2.59/40 
2.576/4 

376.82 

Ai30'30'£ 
224.0 

i  13.69 

9.70547 
2.35025 
205572 

9.93532 
2.35025 
2.28557 

/93. 00 

S77%/'yy 

353.3 

345.17 

9.98989 
2.548/4 
253  803 

9.32902 
2.548/4 
/.  877/6 

75  36 

S  7$''04W 
636.43 
OP  = 

f>22.67 

9.9905/ 
2  80375 
2. 79426 

9.3/549 

280375 
2.1/ 92^4 

/J/.  59 
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446.  Balancing  a  Survey  means  making  such  corrections 
that  the  sum  of  the  north  latitudes  shall  equal  the  sum  of  the 
south  latitudes,  and  the  sum  of  the  east  departures  shall  equal 
the  sum  of  the  west  departures.  This  applies,  of  course,  only 
when  the  survey  forms  a  closed  polygon.  In  such  a  case  there 
is  practically  always  some  error  of  closure,  but  it  does  not  fol- 
low that  this  error  must  always  be  corrected.  Thus,  for  exam- 
ple, on  page  394,  the  errors  of  0.02  ft.  in  latitude  and  0.14  ft. 
in  departure  may  be  entirely  ignored  so  far  as  plotting  is  con- 
cerned. This  is  usually  the  case,  for  if  the  error  of  closure  is 
large  enough  to  be  appreciable  in  plotting  it  usually  exceeds 
the  permissible  error,  and  measurements  have  to  be  corrected 
in  the  field.  Hence  it  is  seldom  necessary  to  balance  a  survey 
for  purposes  of  plotting.  When,  on  the  other  hand,  the  data 
are  to  be  used  for  other  purposes,  as,  for  example,  in  describing 
boundaries  of  land,  it  may  be  necessary  to  distribute  the  errors 
so  that  the  polygon  described  shall  be  a  closed  figure. 

447.  Two  Methods  of  Balancing  a  Survey.  (1)  When  all 
measurements  have  been  made  with  the  same  degree  of  precis- 
ion, the  errors  may  be  distributed  among  the  sides  of  the  poly- 
gon in  proportion  to  their  respective  lengths.  (2)  When  some 
measurements  have  been  made  with  a  greater  degree  of  pre- 
cision than  others,  the  less  accurate  measurements  should  be 
given  the  larger  corrections. 

(a)  First  Method.    The  following  proportions  are  used: 

Ei^     Total  error  in  latitude    _  Error  in  latitude  of  one  side  _  ei 
P      Total  length  of  perimeter  Length  of  that  side  s' 

Ed     Total  error  in  departure  _  Error  in  departure  of  one  side     e^ 
P  ~  Total  length  of  perimeter  Length  of  that  side         ""  T ' 

El  ,  Ed 

ei==-pXs     and     ed=-pX8. 

It  is  not  worth  while  to  split  hairs — ^the   corrections  can 

usually    be    made    mentally.     Thus    approximate    values    are 

Ej  E, 

found  for  -p-   and  -^  once  for  all  and  these  multiplied  by  the 

lengths  of  the  different  sides  in  succession.  Corrections  should 
be  subtracted  from  numbers  in  a  column  where  the  sum  is  too 
large  and  added  to  numbers  in  a  column  where  the  sum  is  too 
small. 
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JUuttrtUifm.     Let  it  be  required  to  distribute  tiie  errors  of  —0.2  m  lati- 
tude and  +  0.3  in  departure  on  p.  386. 

^l        0.2           1  Ed^    0.3     ^     1 

P      1522.4     7500  P      1522.4     5000 

BC     234X    ••    =0.03  234X    "    =0.04 

CD     357 X    •*    =0.05  357 X    "    =0.07 

DA     391X    "    =0.05  391 X    "    =^0.08 


0.20  0.30 

The  sums  of  the  corrections  equal  0.2  and  0.3  respectively.  In  this 
example  (p.  386)  the  sum  of  the  south  latitudes  exceeds  the  simi  of  the 
north  latitudes,  hence  subtract  0.07  and  0.05  from  200.2  and  175  respec- 
tively, but  add  0.03  and  0.05  to  180.1  and  194.9  respectively.  The  weet 
departures  exceed  the  ^tst  departures,  hence  subtract  0.11  and  0.04  from 
499.7  and  150.8  respectively,  but  add  0.07  and  0.08  to  300.0  and  350.2 
respectively.  The  corrected  latitudes  and  departures  may  be  written  in 
^e  table  in  red  ink  directly  over  the  original  corresponding  values. 

Ndte.  Correcting  the  latitude  and  departure  of  a  line  is  equivalent  to 
changing  the  two  snort  legs  of  a  right  triangle,  hence,  to  be  strictly  con- 
sistent, the  line  itself  (or  hypothenuse)  should  be  changed  to  correspond, 
i.e.,  a  new  bearing  and  a  new  length  should  be  found  which  correspond  to 
the  corrected  latitude  and  d^arture.  This  is  often  a  needless  r^ne- 
ment,  but  when  it  is  necessary  it  can  be  done  easily  by  simply  reversing 
the  trigonometric  method  used  in  finding  latitudes  and  departures.  (See 
also  p.  400.) 

(6)  Another  method  is  given  by  Mr.  Llano  {Engineering  News,  Nov.  23, 
1809,  and  Jan.  18,  19(X)).  Let  iS  =  the  corrected  length  of  any  side,  L  =  un*> 
corrected  latitude,  D  =  uncorrected  departure,  and  «,  Ei^  Edt  &nd  P  same 
as  on  p.  395. 

El        Efi 
S  =  8 — -pL — -pD  (formula  for  correcting  lengths). 

Let  B  =  the  uncorrected  bearing  of  any  side  and  Ch  the  correction  in 
minutes  to  be  applied  to  this  bearing;   then 
^  /El  E^  \ 

^b  =  3400  I  p-  sin  -B  —  -p-  cos  B  I   (formula  for  correcting  bearings). 

El  E^ 

The  quantities  -p-  and  -p-  having  lUready  been  worked  out,  the  eztea 

work  involved  is  small.     Use  natural  functions  in  the  last  formula. 

(c)  Second  method  op  balancing  a  survey.  This  con- 
sists in  distributing  the  errors  where  it  is  most  likely  that 
errors  in  field  work  were  made.  On  the  whole  this  method  is 
often  preferable  to  the  preceding  method.  In  using  it  the 
following  points  should  be  kept  in  mind. 

(1)  Measurements  made  under  the  most  unfavorable  condi- 
tions may  be  given  the  greatest  corrections.  Thus,  for  exam- 
ple, linear  measurements  on  steep  slopes,  or  over  other  groun4 
unfavorable  for  chaining,  are  more  likely  to  be  too  long  tfaaa 
if  made  under  favorable  conditions. 

(2)  All  linear  measurements  are  likely  to  be  too  long  pro- 
d  the  length  of  the  tape  is  not  longer  than  it  should  be. 
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hence  in  making  corrections  it  is  better,  as  a  rule,  to  decrease 
distances  than  to  increase  them,  i.e.,  it  is  better  to  subtract 
from  the  latitudes  and  departures  in  the  columns  whose  sums 
are  the  greater  than  to  add  to  latitudes  and  departures  in 
columns  whose  sums  are  the  smaller. 

(3)  A  slight  change  in  the  bearing  of  a  long  line  will  affect 
the  latitudes  and  departures  more  than  the  same  change  in 
a  short  line. 

(4)  If  a  line  is  nearly  north  and  south,  a  slight  change  in  its 
bearing  will  change  its  departure  without  greatly  affecting  its 
latitude,  while  a  slight  change  in  its  length  will  change  its  lati- 
tude without  greatly  affecting  its  departure.  Likewise,  if  a  line 
is  nearly  east  and  west  a  change  in  its  bearing  affects  its  lati- 
tude, while  a  change  in  its  length  affects  its  departure. 

(d)  In  an  article  by  Mr.  E.  Sherman  Gould  (Engineering 
News,  Jan.  4,  1900)  some  excellent  suggestions  are   given  as 

follows: 

The  error  of  closure  must  be  due  either  to  a  mistake  in  calculating  the 
traverse  or  to  an  error  in  field  work. 

To  detect  it,  the  traverse  must  be  first  examined.  We  assume  that  the 
courses  have  been  called  back  so  that  there  is  no  error  in  copying,  also 
that  the  taking  out  of  sines  and  cosines  and  multiplications  have  been 
checked,  so  that  there  is  no  error  there.  We  also  assume  that  before  the 
columns  were  footed  up  care  was  taken  to  see  that  all  entries  were  made 
in  the  proper  columns.  In  this  connection  it  may  also  be  stated,  that  it 
will  be  found  conducive  to  accuracy  to  head  the  columns  of  Latitudes  "N  " 
and  "S",  and  those  of  Departures  "E"  and  "W",  rather  than  +  and  -. 
It  is  then  very  eiasy  to  see  if  any  mistakes  have  been  made  in  putting  the 
latitudes  and  departures  in  the  wrong  column.  To  see  if  they  have  not 
been  interchanged,  that  is,  latitude  placed  in  the  departure  column,  or 
mce  versa,  observe  if  the  bearlhg  of  each  course  has  more  or  less  than  45** 
of  departure.  If  it  has  more  the  departure  is  greater  than  the  latitude; 
if  it  has  less  the  latitude  is  the  greater.  Thus,  suppose  the  bearing  to  be 
N.  36°  24'  E.  and  the  distance  463  ft.  The  sine  and  cosine  of  this  angle 
are,  respectively,  0.59342  and  0.80489.  Multiplying  both  by  the  distance 
gives  274.753  and  372.664.  A  glance  shows  that  the  latter  must  be  the 
latitude  and  the  former  the  departure* 

If  all  this  is  correct,  then  without  a  shadow  of  a  doubt  the  error,  if  a 
considerable  one,  is  in  the  chaining.  If  numbered  stakes  have  been  driven 
every  hundred  feet,  and  leveled  over  as  in  the  case  of  a  railroad  line,  there 
will  be  no  mistake  in  the  full  stations,  because  the  leveling  party  would 
detect  and  report  it.  The  chief  scfurce  of  error  is  in  the  pluses,  and  these 
errors  are  commonly  made,  if  at  all,  by  reading  the  chain  backward,  for 
instance,  taking  64  ft.  for  36.  The  distances  used  in  the  traverse  must 
be  then  carefully  examined  to  see  if  such  a  chanRC,  or  any  change  in  fact, 
in  one  or  more  distances  would  reduce  the  error  to  limits  of  normal  in- 
accuracy. By  diligent  scrutiny  such  an  error  is  sure  to  be  detected  by 
an  expert  eye,  and  then  a  couple  of  trustworthy  chainmen  are  sent  out 
to  verify  the  suspected  measurement,  not  informing  them,  of  course,  of 
what  the  error  is  suspected  to  be.  In  almost  all  cases  a  resurvey  can  be 
avoided  by  an  intelligent  guess  at  the  point  where  the  mistake  was  prob- 
ably made.  Undoubtedly  a  great  deal  of  unnecessary  work  is  frequently 
gone  through  with  in  such  cases  merely  for  the  lack  of  a  little  reflection. 

All  actual  blunders  or  "busts"  being  thus  eliminated,  there  will  still 
remain  some  discrepancies  between  the  Northings  and  the  Southings  and 
Eastings  and  Westings,  unless  by  pure  chance  they  sKovjld  \va.v&'&w  Vis* 
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balance.  .  .  .  The  practice  of  the  old  land  surveyors,  when  given  a  survey 
to  locate  from  a  description,  was  to  first  work  out  a  traverse  for  it,  which 
as  a  matter  of  course  never  closed,  and. then  retain  all  the  courses  and 
distances  intact  till  the  last  one  was  reached.  A  closing  course  and  dis- 
tance was  then  calculated  and  the  area  of  the  survey  determined  accord- 
ingly. This,  I  believe,  is  the  legal  way  of  treating  a  survey  which  does 
not  close,  unless  some  metes  and  bounds  are  cited  which  conflict.  It  is, 
however,  awkward  when  the  last  course  is  a  course  of  an  adjoining  tnust, 
particularly  if  of  an  earlier  date. 

I  believe  the  best  way  to  balance  such  a  survey  as  we  have  been  con- 
sidering, that  is,  one  in  which  there  can  be  found  no  absolute  mistake, 
and  only  a  slight  discrepancy  remains  to  be  eliminate,  is  to  go  very  care- 
fully over  the  traverse  and  see  to  what  changes  of  distance  it  will  respond 
most  sensitively.  For  instance,  supposing  that  in  a  large  survey  of  several 
hundred  acres  the  North  latitudes  exceeded  the  South  by  a  few  feet,  and 
the  Eskst  departures  were  less  than  the  West  by  a  somewhat  smaller  dis- 
crepancy. In  the  first  place  we  would  look  to  see  if  this  difference  was 
about  in  the  right  proportion:  that  is  to  say,  if  the  total  latitudes  were 
^eater  than  the  total  departures,  then  the  diff-erence  between  the  North- 
ings and  Southings  should  be  greater  than  between  Eastings  and  Westings, 
and  the  fact  of  their  being  so  would  give  us  additional  confidence  that  the 
errors  were  simply  due  to  ordinary  small  inaccuracies,  although  this  evi- 
dence would  not  be  conclusive  either  way.  We  would  then  see  what 
courses,  if  any,  ran  nearly  North  and  South.  It  is  clear  that  by  lengthen- 
ing and  shortening  these  by  a  small  amount  we  would  make  a  great 
impression  on  the  latitudes.  And  the  same  in  reference  to  the  departures. 
On  the  other  hand,  the  change  of  a  single  minute  in  the  bearing  of  a  long 
course  running  nearly  North  and  South  will  make  a  great  change  in  the 
departure.^  In  a  word,  by  an  intelligent  study  of  the  traverse  aU  minor 
discrepancies  can  be  eliminated  with  a  small  number  of  change  when 
placed  where  they  do  the  most  good,  and  this  method  will  provd  the  most 
satisfactory  in  practice. 


CHAPTER  XXXII 
CALCULATION  OF  OMITTED  MEASUREMENTS 


When  all  the  angles  and  sides  of  a  polygon  are  known  except  two,  those 
two  can  be  found  by  calculation.  In  that  case,  however,  it  is  necessary 
to  assume  the  measurements  actually  taken  in  the  field  as  correct, — there 
can  be  no  check  on  the  field  work,  nor  can  the  survey  be  balanced.  Hence 
the  importance  of  taking  closing  angles  and  distances  notwithstanding  the 
fact  that  they  can  be  calculated  if  omitted.  There  are  times,  however, 
when  because  of  some  oversight  or  because  of  obstacles  to  field  work  it 
becomes  necessary  to  compute  omitted  measurements.  Methods  for  doing 
this  are  outlined  in  this  chapter. 


448.  Omitted  Parts  of  a  Triangle.  The  most  general  case 
is  that  of  the  oblique  triangle.  If  any  three  parts,  including  at 
least  one  side,  are  known  the  remaining  three  may  be  found  by 
trigonometrical  methods,  which  need  not  be  explained  here. 
The  case,  however,  in  which  one  side  and  the  two  adjacent 
angles  are  known  arises  so  often  in  triangulation  that  sugges- 
tions are  given  below  for  the  order  and  arrangement  of  the  work. 

(a)  Computations  for  triangulation.  (1)  Find  the  most  prob- 
able value  of  the  base-line  and  adjust  the  angles  in  each  tri- 
angle of  the  triangulation  net  so  that  the  sum  will  be  180°. 
(2)  Make  out  a  form  similar  to  one  of  the  two  given  below, 
leaving  spaces  for  logarithms  and  results.  (3)  When  the  form 
is  completed,  and  not  before,  look  up  the  logarithms.  (4)  Using 
the  computed  length  of  a  side  as  a  base,  solve  each  of  the  tri- 
angles of  the  triangulation  net  in  a  similar  manner. 

(b)  Illustration.  Given  a =416.32  ft..  A  =  64°  18',  B  =  58**  40',  and 
C  —  57°  02'. 

To  find  6  To  find  c                           Check 

,      a  sin  B  a  sin  C                           ,     c  sin  B 

Sin  A  sm  A  sm  C 

log  a  =»  log  a  =                                 log  c  = 

log  sin  B  =»  log  sin  C  =                           log  sin  B  = 

colog  sin  A  =»  colog  sin  A  =                      colog  sin  C  =» 


log  h  =■  log  c  =  log  b 


^^^ 
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A  check  which  is  longer  but  more  sure  than  that  given  above  is  to  find 

b  from  the  formula  r-; —  =  : .  .„  .    ...     This  check  is  quite  certain  to 

b  +  a     tani(JB  +  il) 

reveal  mistakes  if  any  have  been  made. 

(c)  Remark.  In  triangulation,  one  side  of  the  triangle  farthest  from  the 
base  may  be  measured,  and  an  agreement  between  its  measured  and  its 
calculated  length  is  a  check  on  the  calculated  sides  of  all  the  triangles  in 
between. 

(d)  The  following  form  is  more  compact  than  that  given  on  page  399. 

(1>       log  sin  C  = 

(2)  logo- 

(3)  colog  sin  A  ==  Add    the    logarithms    in 

(4)  log  sin  B  ==  the  order  indicated  to  get 

^— — —  results  (5)  and  (7). 

(5)  logc=  (l)  +  (2)  +  (3) 

(6)  colog  shiC- 

(7)  log  6  =  (2)  +  (3)  +  (4)  =  (4)  +  (5)  +  (6)  (check). 

^  («)  Remark.  Various  formulas  for  the  solution  of  oblique  triangles  are 
griven  in  the  back  of  this  book.  While  the  use  of  these  formulas  usually 
shortens  the  work  of  computation,  attention  is  called  to  the  fact  that  any 
oblique  triangle  can  be  divided  into  two  right-angled  triangles  by  dropi)ing 
a  perpendicular  from  one  vertex  to  the  opposite  side  and  the  required 
parts  found  by  solving  these  two  right-angled  triangles.  Whatever  sola- 
tion  is  used,  prepare  a  form  before  looking  up  the  logarithms. 

449.  Trigonometric  Relations  of  Bearing,  Length,  Lat- 
itude, and  Departure.  The  hiitude  and  departure  of  any  line 
form  two  sides  of  a  right-angled  triangle  in  which  the  line  itself 
is  the  hypothenuse.  One  angle  in  this  triangle  is  the  bearing 
of  the  line,  i.e.,  the  angle  between  the  hypothenuse  and  the 
latitude.  Any  two  parts  of  this  triangle,  including  at  least  one 
side,  being  known  the  other  two  can  be  found  by  trigonometry. 

GIVEN  REQUmED  FORMULA 

(a)  Bearing  and  Length    Latitude       =  Length  X  Cos.  Bearing 

(b)  Bearing  and  Length    Departure    =  Length  XSin.  Bearing 

(c)  Latitude  and  Dep.        Tan.  Bear.  =  Depart,  -r-  Latitude 

(d)  Latitude  and  Bearing  Length  =  Lat.       -r-  Cos.  Bearing 

(e)  Departure  and  Bear.   Length  =  Dep.      -t-  Sin.  Bearing 
(/)  Latitude  and  Length    Cos.  Bear.    =  Lat.       -j-  Length 

(g)  Depart,  and  Length     Sin.  Bear.    ^  Dep.      -~  Length 

(h)  Lat.  and  Departure      Length=V (Latitude)^  +  (Departure^ 

450.  Omitted  Measurements,  (a)  There  are  no  omitted 
measurements  in  any  polygon  when  the  bearing  and  length  of 
each  side  is  known.  When  the  exterior  or  interior  angles  are 
given  in  place  of  the  bearings,  and  the  bearing  of  one  side  is 
known  (or  assumed  for  purposes  of  calculation)  the  bearings  of 
all  the  other  sides  can  easily  be  found  by  calculation  (Chapter 
XXX).  When  not  more  than  two  bearings,  or  two  lengths  or 
one  length  and  one  bearing,  are  omitted  the  missing  parts  may 
be  calculated.  This  applies  of  course  only  to  closed  polygons. 
When  there  are  three  or  more  missing  parts  they  cannot  be 
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calculated.    Missing  parts  are  understood  to  mean  bearings  or 
lengths  or  both. 

There  are  four  general  cases,  as  follows: 

I.  (o)  When  the  hearing  of  one  side  is  omitted. 
(6)  When  the  length  of  one  side  is  omitted. 

(c)  When  the  hearing  and  the  length  of  one  side  are  omitted. 

II.  When  the  bearing  of  one  side  and  the  length  of  another 
side  are  omitted. 

III.  When  the  lengths  of  two  sides  are  omitted. 

IV.  When  the  bearings  of  two  sides  are  omitted. 

Remark.  When  two  unknown  sides  are  parallel,  Case  III  is  indeter- 
minate unless  the  area  is  known.  Cases  II  and  IV  are  also  indeterminate 
unless  it  is  known  which  of  two  angles  that  correspond  to  a  giren  sine  ot 
cosine  is  the  right  one  to  use. 

Notice  that  in  Case  I  only  one  side  of  the  polygon  is  affected. 
This  is  the  simplest  and  most  common  case,  and  the  solution  of 
each  of  the  other  three  cases  involves  the  general  method  used 
in  Case  I.  This  method  consists  simply  in  computing  and 
tabulating  the  latitudes  and  departures  by  the  method  of  the 
preceding  chapter  just  as  if  no  side  were  missing.  Of  course, 
the  survey  will  not  balance,  the  error  of  closure  (p.  386)  being 
very  large ,  i.e.,  equal  to  the  required  side.  Hence  the  dis^ 
crepancy  between  the  ewoaa  of  the  north  and  south  latitudes 
will  be  the  latitude  of  the  missing  side,  and  the  discrepancy 
between  the  sums  of  the  east  and  west  departures  will  be  ita 
departure.  Two  sides  of  a  right  triangle  being  known  its 
hypothenuse  (the  required  side)  is  easily  found. 

451.  Methods  of  Calculation  for  each  of  the  four  cases  are 
outlined  in  succeeding  articles. 

Caution.  Before  beginning  calcullttions  make  sure  that  the  given  bear- 
ings are  either  all  forward  bearings  or  ail  back  be^ings. 

(a)  Case  I 

WHEN  THE  BEARING  OF  ONE   SIDE  OR  THE    LENGTH  OF  ONE  SIDE 
IS   OMITTED,   OR  WHEN   BOTH  ARE   OMITTED 

(1)  Calculate  and  tabulate  the  latitudes  and  departures  of  the 
given  sides  (Chapter  XXXI ). 

(2)  Find  the  difference  of  the  sums  of  the  north  and  south 
latitude,  and  the  difference  of  the  sums  of  the  east  ahd  west 
departures;  these  two  differences  are  the  latitude  and  departure 
respectively  of  the  omitted  side. 

(3)  From  the  latitude  and  departure  thus  found  calculate  the 
omitted  bearing  or  the  omitted  length,  ox  bo\\i* 
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D    80 


Remark.    The  choice  of  several  trigonometric  formulas  may  be  had. 

Question.  What  determines  the  quadrant  <^ 
the  omitted  bearing  thus  found,  i.e..  N.E..  S.E., 
8.W.,  or  N.W.? 

(6)  lUuatration.  In  Fig.  451  (b)  suppose  that 
the  bearing  and  the  length  of  AD  are  omitted  in 
the  field  notes  and  that  the  latitudes  and  depart- 
ures of  the  other  three  sides  have  been  calcu- 
lated and  tabulated  as  follows: 


S  SO 

Fxa.  451  (6). 


LINE 

AB 
BC 
CD 


N.  LAT. 

30 
40 


8.  LAT. 

20 


20 


£.  DEP. 
100 

50 


150 


W.  DEP. 


80 


80 


fcn 


70 
Tan  Bearing  of  Ai>  =  ^p=^  =  1.4=Tan  54*  30',  hence  DA=S.  54°30'W. 

Length  of  AD  =^^  =  0^7=^^  ^^*-  orV502  +  702  =  86.0ft.  (check). 

(c)  JttustraHon.  In  Fig.  451  (c),  let  the  broken  lines  represent  boundary 
Unes.  the  lengths  and  bearings  of  which  were  not  taken  in  the  field.  Thie 
transit  lines  A-B-C-D  were  measured,  the  interior 
angles  were  taken,  and  each  corner  of  the  boundary- 
line  was  located  by  the  angle  and  distance.  No 
bearings  were  recorded.  Required  to  find  the 
lengths  and  bearings  of  the  boundaries  (broken 
lines).  This  problem  simply  involves  four  appli- 
cations of  the  method  of  Case  I.  Assume  a  bearing 
for  any  line  as  AB  and  calculate  in  the  usual  way 
the  bearings  of  the  ei?ht  lines  shown  by  full  lines. 
Then  eac^  boundary-line  is  an  omitted  side  of  a  four- 
sided  polygon,  and  its  length  and  bearing  can  be 
calculated.  The  bearings  of  the  four  boundary- 
lines  having  been  calculated,  the  angles  EFG,  FGH, 
OHE,  and  HEF  are  easily  found.     (Chapter  XXX.) 

If  the  lengths  of  the  boundary-lines  had  been  measured  in  the  field  they 
would  have  furnished  an  important  check  on  the  calculation  of  the  bear- 
ings of  the  boundary-lines. 

Remark.     This  problem  could  be  done  by  the  method  explained  on  p. 
406,  and  one  method  could  be  used  to  check  the  other. 


(d)   GENERAL  METHOD  FOR  CASES  II,   III,   AND  IV 

When  two  sides  are  affected  by  omitted  measurements.     Let 
the  sides  AB  and  BC  be  affected  by  omitted  measurements. 

Leaving  these  two  sides  out  altogether,  the 
polygon  may  be  completed  by  a  closing  line, 
AC,  the  bearing  and  length  of  which  can  be 
calculated  by  the  method  of  Case  I.     This 
having  been  done,  enough  parts  of  the  tri- 
angle ABC  will  be  known  to  give  the  omitted 
parts  by  the  usual   trigonometric  methods. 
Cases  II,  III,  and  IV  can  all  be  solved  in  this 
way.     It  is  immaterial  whether  the  deficient  sides  adjoin  or  not. 
TIu's  will  become  evident  in  any  given  case  if  in  omitting  the  two 


Fig.  451  (d). 
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deficient  sides  the  other  sides  are  shifted,  each  parallel  to  itself 
until  they  form  a  connected  series  of  lines. 

lUuitration.  Let  the  sides  C  and  B  in 
Fig.  451  (e)  be  a£fected  by  omitted  measure- 
ments. In  Fiff.  451  (/)  D  has  been  moved 
parallel  to  it.seff  to  the  end  of  B.  Omitting 
C  and  E  the  closing  line  is  L.  The  length 
and  bearings  of  the  three  sides  A,  B,  anuD 
remain  unchanged,  and  hence  the  line  L  must 

form  a  triangle  with  C  and  E  as  indicated  by     pio.  451  («).     Fio.  451  (/). 
broken  lines  m  Fig.  451  (/). 

(e)  Case  II 

WHEN  THE  BEARING  OF  ONE  SIDE  AND  THE    LENGTH  OF   ANOTHER 

SIDE   ARE    OMITTED 

(1)  Find  the  length  and  bearing  of  a  closing  line.     (Case  I.) 

(2)  Find  the  angle  between  the  closing  line  and  the  side  of 
omitted  length  but  known  bearing,  using  the  bearing,  found  in 
(1)  and  the  known  bearing.     (Art.  435,  p.  382.) 

(3)  Given  two  sides  of  a  triangle  and  an  angle  opposite  one 
of  them  to  find  a  side  and  either  of  two  angles.  (Formula 
in  the  back  of  the  book.) 

(4)  From  the  angles  found  in  (3)  calculate  the  omitted  bear- 
ing. 

Remark.  Two  answers  are  possible  in  this  case.  (See  Remark,  p.  401.) 
It  is  usually  evident  in  any  given  case,  however,  which  result  correspondB 
to  the  line  of  the  survey. 

(/)  Another  method  for  Case  77  is  to  assume  for  purposes  of 
calculation  the  side  of  unknown  length  to  be  due  north  and 
south,  the  bearing  of  the  other  sides  being  changed  to  corre- 
spond. This  eliminates  one  unknown  quantity,  i.e.,  the  de- 
parture of  the  side  assumed  as  north  and  south  becomes  zero; 
the  other  unknown  quantities  can  then  be  found  by  latitudes 
and  departures.  It  is  immaterial  whether  the  deficient  sides 
adjoin  or  not. 

(1)  Assume  the  side  of  unknown  length  to  be  a  north  and 
south  line,  and  calculate  the  bearings  of  the  other  side. 

If  the  bearings  of  the  sides  are  already  known,  the  bearing  of  the  side 
of  unknown  length  can  be  changed  temporarily  by  an  amount  (clockwise 
or  counter-clockwise)  required  to  make  it  N.  and  S.  The  bearings  of  the 
other  sides  should  then  be  changed  by  the  same  amount  and  in  the  same 
direction  (clockwise  or  counter-clockwise).     (See  Art.  434  (c),  p.  382.) 

(2)  Compute  and  tabulate  the  latitudes  and  departures  of  all 
sides  except  the  two  affected  by  omitted  measurements.  Of 
these  two  the  side  of  unknown  length  has  no  departure  since  it 
was  assumed  N.  and  S.,  hence  the  departure  ol  Wi'i  c^'Oaet  ^^^ 
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must  be  equal  to  the  difference  of  the  sums  of  the  E.  and  W. 
departures  of  the  known  sides. 

(3)  From  the  departure  of  the  unknown  side  (found  in  (2)) 
and  the  length  of  that  side,  calculate  its  bearing  (Art.  449  (g) ) 
and  its  latitude  (Art.  449  (a)  or  Art.  449  (h)  ). 

(4)  Insert  in  the  table  of  (2)  the  latitude  found  in  (3)  and 
find  &  new  difference  between  the  sums  of  the  N.  and  S.  lati- 
tudes. The  difference  is  the  latitude  of  the  side  assmned  as  N. 
and  S.,  and  since  its  departure  is  zero,  the  length  and  latitude 
of  this  side  are  identical. 

(g)  Case  III 

WHEN  THE  LENGTHS  OF  TWO  SIDES  ARE  OMITTEP 

(1)  Find  the  length  and  bearing  of  a  closing  line.     (Case  I.) 

(2)  Find  the  angle  between  the  closing  line  and  each  of  the 
deficient  sides,  using  the  bearing  found  in  (1)  and  each  of  the 
two  known  bearings.     (Art.  435,  p.  382.) 

(3)  Given  one  side  and  two  adjacent  angles  of  a  triangle  to 
find  the  other  two  sjdes  and  the  remaining  angle.  (Formula 
in  the  back  of  the  book.) 

Remark.     When  the  two  unknown  sides  are  parallel  this  case  is  indeter- 
minate unless  the  area  is  known. 

(h)  Another  method  for  Case  III  is  to  assume  either  side  of 
unknown  length  to  be  a  north  and  south  line  and  then  to  pro- 
ceed as  in  the  second  method  of  Case  II.  (Art.  450  (/).)  The 
only  difference  is  that  in  (3)  the  length  is  required  and  the 
bearing  is  known  instead  of  vice  versa, 

(i)  Case  IV 

WHEN   THE   BEARINGS   OF   TWO   SIDES  ARE   UNKNOWN 

(1)  Find  the  length  and  bearing  of  a  closing  line.     (Case  I.) 

(2)  Given  the  lengths  of  three  sides  of  a  triangle  to  find  the 
three  angles.     (Formula  in  the  back  of  the  book.) 

(3)  From  the  angles  found  in  (2)  and  the  bearing  of  the 
closing  line  find  the  two  omitted  bearings.     (Chapter  XXX.) 

Remark.     As  in  Case  II  there  will  be  two  answers  possible. 

452.  Simple  Trigonometrical  Methods  of  computing 
omitted  measurements  are  frequently  used  instead  of  those 
already  explained.  An  example  of  this  sort  is  shown  on  the 
opposite  page,  and  explained  in  detail  on  p.  40^. 
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75  find  bearings  and  lengths  of  A  B,  BCandCD 


\6V^ 


L:^.i....^3^^1.^^ .d^i^^k 


180'' 
66'' 55' 


Si 


2<9.7=  1.457362 
Cos  86''55'=  8.730636 

+  1.54  =  0.163570 
332.00 
AB=333.54 


I 

I.45788Z 
Sin  9.999371 

28.66^1.457253 
30. 9(r-0ffset  at  A 


-0''20'<- 


AB^WWle'E 


2.24  =  0.350243 
•  >  383. 54  =  2.583810 
0°20'=7.766438Qdn) 


fAB  =  Lat.  331. 26     Pep.  =  /  93. 30} 


6.7=0.826075  =  0.826075 

124.0 ' 2.093422  .->=  8.732026  (Sin) 

i-3°05' 34"=  8.732653- "'         .-2.094047 

N30'36'00E     (Tan)  / 

N  33-41 '3^'E  =  BC  =  124. 18^' 
(BC=Lat  103. 31    Dep.  =  68. 88) 


34.3=1.535294 
Cos  73" 44''9.447326 
+  9.60=0.982620 
III.  35 


=  1.535294 
Sin  =9.982257 
32.93=1.517551 
24.20^-affsetatD 


120. 95 

6.73=0.941014 
120.95  =2.082606 


- 4" 06' =6.658408  -' 
AI30'36'E        (Tan)  / 

N26''28'E  =CD  =  121. 27^' 
(CD  =Lat  106. 54      Dep.  54. 04-) 


6.73 

=  0.941014 
..->■  =  8. 657260(Sfr^ 
■'      .-"2.063734 


FlQ.  452. 
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(a)  Illustration.    Given  the  measurements  shown  in  the  sketch  to  find 
the  lengths  and  bearings  of  AB,  BC,  and  CD. 

(1)  Aa  X  cos  Aaa'  =  aa'  and     Aa  X  sin  Aaa'  =»  Aa'. 

28.7  X  cos  86°  55' =  1.54       •'       28.7  X  sin  86°  55' =  28.66. 
a'a  +  a6  =  a'6  "       Bb-Aa  = 

1.54  +  382  =  383.54  30.9-28.66  =  2.24. 

iBb  —  Aa)-i-a'b  =  t&n  of  angle  which  AB  makes  with  a'6 
2.24 +  383.54  =  tan  of  0°  20'. 

N.  30°  36'  E.-0°  20'  =  N.  30°  16'  E.=bearmg  of  AB., 
Length  of  AB  is  practically  the  same  as  length  of  a'b  in  this  case. 
Traverse  tables  give  for  AB:   Lat.  =331.26,  Dcp.  =  193.30. 
The  computations  for  BC  and  CD  are  similar  except  that  the  length  of 
each  is  found   by  dividing  the  difference  in  the  offsets  at  each  end  by  the 
sine  of  the  angle  which  the  line  makes  with  a'd',  thus: 

BC  =  (Bb  —  Cc)  -^  sine  of  angle  which  BC  makes  with  a'd\ 
124.18  =  6.7 -5- sine  3°  05'  34''. 

After  the  computations  were  completed  the  latitudes  and  departures  of 
Dd,  dOf  aA  were  looked  up  in  a  traverse  table  as  a  check. 

N.  S.                   E.                  W. 

AB  331.26  193.30 

BC  103.31  68.88 

CD  108.54  54.04 

Dd  25.03  23.45 

da  531.38  314.26 

oA  13.26  25.45 


556.37         556.41         339.67         339.71 
+  .04  +  .04 

It  is  seen  that  the  polygon  closes  within  a  reasonable  limit  of  error. 
Quentwn.     Assuming   that    angles    are    measured    to   minutes   and    dis- 
tances to  the  nearest  tenth,  does  the  u^'e  of  six-place  tables  in  this  example 
g've  better  results  than  could  be  obtained  by  five-place  tables?     Can  the 
taring  of  BC  be  obtained  to  the  nearest  second  as  implied  in  the  answer 
33°  41' 34"?    (Seep.  373.) 


CHAPTER  XXXIII 


CALCULATION  OF  AREAS 


In  this  chapter  are  explained  the  methods  of  obtaining  areas  from  field 
aotes  and  from  maps,  including  the  geometrical  and  trigonometrical 
methods,  the  method  of  latitudes  and  departures,  the  method  of  coordi- 
nates and  the  mechanical  (planimeter)  method. 


453.  The  Area  of  Land  in  plane  surveying  means  the  area 
as  projected  on  a  horizontal  plane.     (See  Art.  5,  p.  2.) 

454.  Units  of  Area.  Areas  in  surveying  are  usually  given 
in  square  feet  or  in  acres:  1  acre  =  43  560  sq.  ft.=  10  sq.  chains = 
10X66^  sq.ft.     (Seep.  3.) 


Sq.MUes 
1 


Acres 

640 
1 


Sq.  Rods 

102  400 
160 


1  Sq.  Ft.    =0.0929  Sq.  Meters 
1  Sq.  Yd;  =0.8361  Sq.  Meters 
1  Acre        =0.4047  Hectares 
1  Sq.  Mile  =  2.5899  Sq.  KUometers 


Sq.  Yards 

3  097  600 
4  840 
30.25 
1 

1  Sq.  Meter 
1  Sq.  Meter 
1  Hectare 


Sq.  Feet 

27  878  400 
43  560 
272.25 
9 

=  10.7639  Sq.  Ft. 
=    1.1960  Sq.  Yds. 
2.4710  Acres 


1  Sq.  Kilometer  =  0.3861  Sq.  Miles 


In  Spanish  measure  1  acre  =  5650  sq.  varas,  more  or  less.     (See  pa^e  3.) 

455.    Qeometrical     and     Trigonometrical     Principles. 

The  following  formulas  are  for  areas: 

GEOMETRICAL 

1 .  Triangle = base  X  half  perpendicular  height. 

2.  Paro/teiof/ram  =  base  X  perpendicular  height.  . 

3.  TrapezQtd  =  hsM  the  sum  of  the  parallel  sides  X  perpendicular  height. 

4.  Trapezium,  found  by  dividing  into  two  triangles. 

5.  Regular  polygon  =  length  of  perimeter  X  half  perpendicular  distance  from 

center  to  sides. 

6.  Circle  =  diameter  squared  X 0^.7854  =  diameter  squared  X  i?r. 

7.  Sector  of  circte  =  length  of  arc  X  half  radius. 

8.  Segment  of  circle  =  area  of  sector  minus  area  of  triangle. 

9.  Ellipse  =  major  axis  X  minor  axis  X  0.7854. 

10.  Para6oZa  =  base  X  f  height  or  §  area  of  circumscribed  rectangle. 

Trioonomethical 

11.  Right  triangles. 

Given  Area 

H3i)othenuse  and  acute  angle  (c^am2B)-h4 

Angle  and  opposite  side  (b^  cot  B)-i-2 

Angle  and  adjacent  side  (62  tan  A) -^2  /^ 

Hjrpothenuse  and  another  side        ia^(c  +  a)ic  —  a)]  -*-  2 
Two  sides  about  right  angle  a5  +  2 
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12.  Gbliays    triangle    (three    sides   given).     Area='V'a(a_o)(«-6)(«-c), 

where  o,  6,  and  c  are  the  sides  and  »=-(a-r6  +  c)-i-2. 

13.  Oblique  triangle  (two  sides  and  included  angle  given).     Area  =  ^ab  sin  C. 

JA  Area  o/  eegment   of   a  circle  = -^{L  —  C  X  coa  ^I),  where  A  =  radius  of 

curve,  C==  length  of  chord,  and  /  =  intersection  angle  (see  p.  204), 
and  L  =  length  of  arc. 

Approximate  formulas  for  area  of  segments:    A  =§AfC  =  r-jr^,   where 

M = middle  ordinate = ^r  =  (approximately) . 

?.5.  Area  between  tangents  and  curve  =  R\T  —  -^j,  where   ft  =  radius,  L=" 
length  of  arc.  and  7^  =  length  of  tangents  (see  p.  204). 

456.  General  Methods  of  Finding  Areas.  (1)  From  a 
map  by  scaling  and  computing,  or  by  the  use  of  the  planimeter. 
(2)  By  computations  made  directly  from  the  field  notes  with- 
out the  use  of  a  map.  The  first  method  is  generally  the  quicker, 
the  second  method  the  more  accurate. 

457.  Ot>taining  the  Area  from  a  Map.  (a)  The  area  is 
subdivided  into  geometrical  figures,  such  as  triangles,  rectan- 
gles, squares,  trapezoids,  etc.,  and  the  quantities  necessary  for 
computing  the  areas  of  these  different  figures,  such  as  lengths 
of  bases  and  altitudes,  are  scaled  from  the  map. 

(6)  Two  sets  of  Unes  drawn  at  right  angles  to  each  other 
across  the  map  divide  it  into  squares  of  any  desired  size,  say 
100  ft.  squares  to  the  scale  of  the  map.  The  nimiber  of  squares 
which  fall  completely  within  the  boundaries  gives  part  of  the 
area  at  once.  The  fractional  areas  inside  of  the  boundaiijs, 
formed  by  the  boundary  lines  cutting  through  squares,  are 
usually  triangles  and  trapezoids,  the  areas  of  which  are  found 
as  in  (a)  and  added  to  the  area  found  by  counting  the  num- 
ber of  whole  squares.     (See  trapezoidal  rule,  p.  411.) 


lUmark.     It  is  usually  more  convenient  to  keep  pieces  of  tracing-cloth 
upon  which  squares  have  been  drawn  to  the  scales  commonly  used  in 

f slotting,  and  to  lay  the  cloth  over  the  map  instead  of  drawing  parallel 
ines.     Another  method  is  to  plot  the  boundaries  on  cross-section  paper. 

Both  of  these  methods  are  extensively. used  as  rough  checks  on  com- 
puted areas. 

(c)  The  planimeter  is  a  mechanical  integrator  and  is  used 
by  engineers  for  ascertaining  the  area  of  any  figure  which  has 
been  plotted.  The  following  directions  for  the  use  of  the  polar 
planimeter  may  be  modified  to  apply  to  other  forms  also. 

1.  Remove  the  instrument  from  the  case;  if  it  has  settings 
for  different  units,  as  sq.  in.,  sq.  ft.,  sq.  cm.,  make  this  adjust- 
ment first  by  sliding  the  bar  to  the  unit  wanted,  then  fasten 
-'ymrefy  by  the  set-screw. 

Place  the  tracing-point  anywhere  m  Wift  ^etvcGftl^t  and 
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press  it  into  the  paper  hard  enough  to  make  a  slight  indentation 
to  show  definitely  the  starting-point. 

3.  Set  the  pole,  or  fixed  needle-point,  in  such  a  position  with 
reference  to  the  area  to  be  measured  that  the  tracing^oint 
can  reach  the  whole  boundary  without  difficulty. 

4.  Read  the  graduated  wheel  when  the  tracing-point  is  in 
the  initial  position,  making  use  of  the  vernier,  and  set  down 
the  nimiber. 

5.  Guide  the  tracing-point  by  hand  around  the  area  to  be 
measured  in  a  clockwise  direction,  and  stop  exactly  at  the 
starting-point. 

6.  Read  the  graduated  wheel  again  and  set  down  the  result 
over  the  figures  found  at  the  beginning. 

7.  Subtract  the  initial  reading  from  the  final  reading  and 
the  result  is  the  area  desired.     (For  exception  see  step  8.) 

8.  If  the  fixed  point  (see  direction  3)  was  placed  tvithin  the 
boundary,  which  is  necessary  only  in  large  areas,  then  to  the 
reading  by  the  wheel  as  found  under  step  7  must  be  added 
the  constant  engraved  on  the  back  of  the  instrument,  directly 
opposite  the  mark  showing  the  units.  Then  the  sum  of  this 
constant  and  the  reading  found  by  the  wheel  is  the  true  area. 

(d)  Practical  suggestions.  Step  1.  Some  instruments  read 
only  in  one  unit:  square  inches;  then  no  adjustment  is  required. 

Step  3.  Some  planimeters  have  a  metal  block  resting  on  the 
paper,  into  the  top  of  which  the  fixed  point  is  set.  Then  the 
block  is  held  by  its  own  weight,  and  no  peedlc-mark  is  made 
in  the  paper.  Before  starting  to  measure  the  area  it  is  well 
to  make  a  rough  preliminary  excursion  of  the  tracing-point 
over  the  area  to  see  that  all  points  of  the  boundary  can  be 
reached. 

Step  4.  It  is  often  convenient  to  set  the  wheei  at  zero  before 
starting.  This  can  be  done  conveniently  by  shifting  the  pole  or 
needle-point  imtil  the  reading  is  zero,  and  thus  step  4  is  avoided. 

Step  5,  In  case  the  area  has  a  loop,  or  negative  portion, 
start  in  a  clockwise  direction  over  the  main  area,  then  the 
loop  or  negative  part  will  be  traced  in  a  counter-clockwise 
direction  ai^d  the  instrument  gives  the  difference  or  net  area. 

Step  6.  If  the  final  reading  is  less  than  the  initial,  it  usually 
indicates  that  the  perimeter  has  been  traced  in  the  negative 
(counter-clockwise)  direction. 

Step  8,  If    the   reading    given   by  the   wheel   v&  V^^^V^^x^s. 
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when  the  tracing-point  moves  clockwise,  call  this  reading  nega. 
tive  and  subtract  it  from  the  constant  instead  of  adding. 

General  direction.  Try  the  instrmnent  first  by  measuring  a 
circle,  a  hexagon,  or  a  square  of  known  area,  to  test  its  accu- 
racy. By  making  several  such  tests  of  different  known  areas,  a 
correction  constant  per  unit  of  area  may  be  determined.  If 
there  has  been  any  shrinkage  or  expansion  of  the  paper  since 
the  map  was  plotted  the  trial  square  or  circle  should  be  drawn 
to  agree  with  the  sUghtly  changed  scale  of  the  map. 

458.  Computing  Areas  Directly  from  Field  Measure- 
ments* (a)  The  simplest  cases  are  those  in  which  the  area 
required  is  of  some  plane  figure  which  can  be  divided  into  sim- 
ple figures  of  known  dimensions. 

(a)  lUuatraHon,    In  the  chain  survey  shown  in  Fig.  458  and  described 

on  p.  56,  the  lengths  of  the  four  f^nce- 
lines  and  of  the  Tour  broken  lines  were 
measured.  Hence  the  three  sides  of  each 
triangle  are  known,  and  the  area  of  each 
can  be  found  from  Formula  12,  p.  408. 

(6)  Illustration.  Suppose  that  in  the 
above  survey  a  transit  was  set  up  at  S, 
the  angles  between  the  br  ken  lines 
taken,  and  the  length  of  each  broken 
line  measured.  Then  in  each  triangle  two 
sides  and  the  included  angle  would  be 
known  and  the  area  could  be  found  from 
Formula  13,  p.  408. 

(c)  lUuMrati  n.  SupfK)se  that  in  the 
above  survey  the  lengths  of  the  fence- 
lines  and  the  angle  at  each  comer  had 
been  measured  but  not  the  broken  lines, 
the  method  of  calculation  would  be: 

(1)  Divide  the  polygon  into  two  triangles  by  a  diagonal. 

(2)  Find  the  length  of  this  diagonal  from  the  two  sides  and  included 
angle  of  one  triangle  and  check  it  by  solving  the  other  triangle. 

(3)  The  three  sides  of  each  triangle  are  now  known  and  the  area  of 
each  can  be  found  from  Formula  12,  p.  408. 

Check.     Divide  the  polygon  into  two  different  triangles  by  the  other 
diagonal  and  find  the  area  of  each  of  these  triangles  as  before. 

Remark.     Usually  the  transit  lines  do  not  coincide  with  the  feQ0e>Une8. 
This  case  will  be  discussed  on  p.  418. 

(<f)  Another  method.  In- 
stead of  solving  the  oblique 
triangles  the  polygon  may 
be  divided  into  right  tri- 
angles. Draw  one  diagonal 
as  AC,  Fig.  458  (d),  and 
from  each  end  drop  a  per- 
pendicular to  one  side. 
These  perpendiculars,  Aa 
and  Cct  are  easily  calcu- 
lated from  the  right  tri- 
angles, and  each  is  the 
altitude  of  one  of  the  two 
triangles  into  which  the 
quadrilateral  is  divided. 
Thus: 

AD  sin  ADa  =  Aa 
CB  Bin  CBc  =  Cc 


Fig.  458  (d). 


Fio.  458  («). 


and 
and 


i.4aX7)C  =  area  of  ADC. 
iCcXi4B  =  area  of  ABC. 
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The  work  may  be  checked  by  drawine  the  other  diagonal  BD_  Fig.  458  («), 
dropping  the  perpendiculars  Bb  and  Dd  and  proceeding  as  before. 

(e)  Curved  boundary.  Suppose  that  in  Fig.  458  the  lower  left-hand 
comer  were  rounded  by  .an  arc  of  a  circle  and  the  points  of  tangencv  were 
known.  A  chord  drawn  between  these  points  of  tan^ency  would  form 
with  the  other  sides  an  irregular  polygon,  the  area  of  which  could  be  found 
as  in  the  preceding  illustration.  To  this  area  must  be  added  the  area  of 
the  segment  between  the  chord  and  the  arc.  If  the  length  of  the  chord 
and  the  middle  ordinate  are  known,  the  approximate  area  is  %MC  (see 
p.  408).  If  the  length  of  the  arc  and  its  radius  is  known,  use  Formula  8, 
p.  407.     If  the  intersection  angle,  etc.,  is  known,  use  Formula  14,  p.  408. 

459.  Areas  from  Offsets.  There  are  two  cases:  (1)  when 
the  offsets  are  taken  at  regular  intervals,  and  (2)  when  they 
are  taken  at  irregular  intervals.  It  is  assumed  that  in  both 
cases  offsets  are  measured  from  a  straight  base-line. 

(a)  Offsets  at  regular  intervals.  There  are  several  formulas 
designed  to  shorten  the  work  of  calculating  each  trapezoid  sepa- 


Fio.  459  (a^. 

rately.  In  Fig.  459  (a)  the  first  offset  is  numbered  0  and  the 
other  offsets  1,  2,  3,  etc., ...  6.  Let  a  and  h  be  the  end  offsets 
at  0  and  6  respectively,  and  y„  ^2,  ya, . . .  t/a  the  intermediate 
offsets,  d  the  common  distance  between  offsets  and  S  the 
sum  of  the  intermediate  offsets  y„  ^2,  ya,  etc., . . .  y,. 

Trapezoidal  Rule:  Area =-;r- (a -1-25+6) I 

1740  sq.  ft.  =^(18+148+8). 

This  rule  obviously  is  based  on  the  assumption  that  the  figures 
are  trapezoids.    It  holds  good  for  any  number  of  offsets,  and 
gives  results  accurate  enough  for  ordinary  purposes. 
Another  form  of  the  trapezoidal  rule  is 

Area^di*;!, II 

in  which  Ih  is  the  sum  of  the  middle  ordinates  ^„  ^2,  ^3,  etc., 
...  •f'f^* 

1740  sq.  ft.  =  20  X  (16.5+ 12.5+ 13+15+ 16.5+ 13.5). 

Formulas  I  and  II  are  used  not  only  in  computing  areas  from 
field  measurements,  but  also  in  obtaining  area^  dvc^^vV^  Vt^-tcw 
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the  map,  the  offsets  or  the  middle  ordinatesi  whichever  are 
used,  being  scaled  at  regular  intervals. 

(b)  Fonnulcu  for  curved  boundaries.    When  the  boundary-Iine  between 
two  afifsets  is  curved  the  assumption  that  the  figure  is  a  trapezoid  may 

J  live  an  area  too  large  or  too  small,  according  to  whether  the  boundiU'y- 
ine  curves  away  from  or  towards  the  base-line.  If  the  curve  departs  very 
much  from  a  straight  line  more  accurate  results  may  be  obtained  by  either 
of  the  following  formulas  than  by  the  trapezoidal  rule. 

Poneelet'e  Rule.    Let  hn  =  the  last  middle  ordinate. 


Area 


20. 


Ill 


1733  sq.  ft.  =  20X87  +  Y|(18-16.5+8-13.5). 


Francke'e  Rule: 
Area 


dIh+^iSa+hi~9ht'\-Sb'\-h^i-9K>, 
20. 


IV 


1730.8  sq.ft.=20X87+~(8X18+12.5-9Xl6.5+8X8+16.5-9X13.6). 

Remark.  Formula  IV  is  more  accurate  than  III;  either  is  more  cca- 
▼enient  to  use  and  generally  gives  better  results  than  Simpson's  Rule,* 
which  is  sometimes  used  for  the  same  purpose. 

(c)  Offsets  at  irregular  intervals.  The  most  obvious  method 
is  to  find  the  area  of  each  trapezoid  separately  by  multiplying 
its  base  by  its  middle  ordinate.  Thus  in  Fig.  459  (c)  the  total 
area  is: 

8630sq.ft.  =  50Xi(40+30)+40Xj(30+36) 

+C0Xi(36+44)+30Xi(44+28)+60Xi(28+38). 

A  second  method  is  a  special  case  of  the  coordinate  method 
given  on  p.  418. 
1 
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*t 


Pig.  459  (c). 

Formula  II,  on  page  418,  may  be  arranged  for  convenience  as 
shown  below.     The  area  is  equal  to  the  sum  of  the  products  of 


*  Perjvod  on  p.  690,  Johnson's  book  on  Surveying. 
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the  quantities  joined  by  full  lines  minus  the  sum  of  the  prod- 
ucts of  the  quantities  joined  by  broken  lines.  From  Fig.  469  (6) 
it  is  evident  that  ajj,  x^,  y^,  and  y^  are  all  zero  and  that  Xj=»x^, 
'hence  the  last  two  terms  do  not  affect  the  result. 


J(2000+2700+5400+7920+6720 

+9120-1800-3960-4200-6840) 
Area  =  J  (17060) -8530. 

Remark.  If  at  any  point  the  irregular  line  turns  back  upon  itself,  as, 
for  example,  if  xs  were  Jees  than  Xa,  the  method  still  holds  good«  the  alge- 
braic signs  indicating  the  additional  area  to  be  subtracted. 

Another  convenient  form  is  to  place  the  ordinates  of  the  comers 
in  determinant  array.  Rule:  MvMiply  diagonally  from  left  to 
right f  and  conMer  a  dovmward  diagonal  plits,  upward  minua^  or 
vice  versa.    Divide  the  algebraic  sum  of  all  the  products  by  two. 

Illustration.  Taking  the  example  on  p.  417  for  illustration,  and  as- 
suming Z>  as  an  origin,  the  coordinates  of  the  corners  and  the  computations 
arc  as  follows: 


Station 

y 

X 

Downward  (+) 

Upward  (-) 

D 

0 

0 

E 

+  10 

+  14 

OXli"         0 

lOX  0  -         0 

A 

-14 

+  24 

10X24= +240 

-(-14X14)-  +  196 

B 

+  16 

+36 

-14X36=-604 

-(     16X24)  =  -384 
-(     22X36)  =  -792 

C 

+  22 

+  16 

16X16= +256 

D 

0 

0 

22X  0-         0 

0X16  «         0 

-8 

-980 

C-8+(- 

-980)]-!  2-- 494  sq. 

ft.     Answer. 

Remark.  The  minus  sign  in  the  above  answer  signifies  that  the  area  was 
obtained  by  taking  the  comers  around  the  field  clockwise;  if  taken  counter- 
clockwise the  area  would  be  the  same,  but  with  a  phis  sign. 

"When  total  latitudes  and  departures  have  been  found  for  plotting,  this 
method  is  very  convenient.  It  is  e<]ually  applicable,  of  coarse,  to  an 
example  like  that  of  Fig.  459  (c). 

460.  Computation  of  Areas  from  Latitudes  and  Double 
Longitudes.  This  method  is  the  one  most  often  used  for 
computing  the  area  of  a  closed  traverse.  When  the  latitudes 
and  departures  of  the  traverse  lines  have  been  computed  for 
purposes  of  plotting,  very  little  adaitional  labor  is  required  in 
finding  the  area.  The  method  is  a  simple  one,  though  consid- 
erable space  is  required  to  explain  it  clearly  in  detail.  Several 
definitions  will  be  given  first. 
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(a)  Reference  bosridian.  The  north  and  south  line  through 
the  most  westerly  station  of  a  survey. 

Remark,  This  is  the  sense  in  which  the  term  is  usually  understood  in. 
the  calculation  of  areas.  It  is  not  essential,  however,  .to  assume  the  refers 
ence  meridian  through  the  most  westerly  station;  it  may  pass  through  any 
station  provided  proper  account  is  taken  of  algebraic  signs.  It  is  usually 
assumed  through  the  most  westerly  station  in  order  to  simplify  matten 
and  avoid  mistakes.  (See  p.  472,  for  method  of  determining  wMch  is  the 
most  westerly  station.) 

(6)  The  first  and  last  courses  of  every  polygon  are  the 
two  courses  which  meet  at  the  most  westerly  station.  The 
first  course  is  that  one  for  which  the  given  bearing  is  easterly, 
the  last  course  is  that  for  which  the  bearing  is  westerly,  it  being 
understood  that  the  given  bearings  are  all  forward  bearings. 

(See    p.    112.)     To    determine    the    most 
westerly  station  (see  p.  472). 

lUuatraHon.  In  Fig.  460  (&),  let  H  be  the  most 
westerly  station,  then  HK  is  the  fir^  course  and 
GH  the  la^  course,  provided  the  bearings  indicated 
•  on  the  figure  were  those  used  in  calculating  the 
latitudes  and  departures.  If,  however,  the  opposite 
bearings  were  used  KH  =  N.W.  and  /fO«=N.E., 
then  HG  would  be  the  first  course  and  KH  the  last 
Fig.  460  (b).  course.     Note  that  the  two  courses  can  never  both  bo 

easterly,  or  both  westerly, 

(c)  The  longitude  of  a  course  is  the  distance  from  the 
middle  point  of  the  course  to  the  reference  meridian,  measured 
at  right  angles  to  the  meridian. 

lUustration.  In  Fig.  460  (c)  Li  is  the  longitude  of  AB,  L^  of  BC,  If  of 
CD,  and  L^  ot  DA. 

The  longitude  of  any  course  is  equal  to  the  longitude  of  the  pre- 
ceding course  plus  half  the  departure  of  the  preceding  course  plus 
half  the  departure  of  the  course  itself. 

For  the  first  course  there  is  no  preceding  course,  so  that  the 
first  two  terms  are  zero  and  the  longitude  of  the  first  couree  is 
therefore  half  its  departure.  In  applying  the  rule,  east  depart- 
ures must  be  given  plus  signs  and  west  departures  minus  signs. 

lUustration.  The  correctness  of  the  rule  just  given  will  become  eWdeni 
from  inspection  of  Fig.  460  (c). 

Longitude   ^  Long,  of     .       i  Dep.  of    .       i  Dep.  of 
of  Course    ""     Preced.     ''"       Preced.         Course  itself 

Li  of  AB  -^     Oof  0      +  Oof  0  +  a  of  AB 

Lzof  BC  "  Li  of  AB   +  a  of  AB  +  6  of  BC 

Ls  of  CD  -  L2  of  BC    +  b  of  BC  +  -c  of  CD 

ZgofDE  -  Ls  of  CZ>   +  -c  of  CD  +  -doiDB 

\he  that  e  and  d  both,  have  minus  sigDB. 
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(_d)  General  method  op  CALcnLAiiNQ  areas  by  latittidbs 
AND  ix>NGin)DE8.  If  in  any  survey  an  east  and  weet  line  ia 
drawn  from  each  station  to 


L3=L2*b*(-c) 


Lt'd^f-d—^-c-if-c-^ 


the  reference  meridian,  trian-^ 
gles  and  trapezoids  will  be 
formed.  One  side  of  each 
triangle  (or  trapezoid)  will 
be  some  course  of  the  survey, 
the  base  of  the  triangle  (or 
trapezoid)  will  be  the  latitwie 
of  that  course,  and  the  mean 
length  or  altitude  of  the  trian- 
gle (or  trapezoid)  will  be  the 

longitude  of  that  line.    The  .    _  .  —     . 

arta  of  each  triwigle  (or  trap-  ^^  "  '■'  ^""^^ 

ezoid),  therefore,  wiU  be  the  ^^-  *"  *"'■ 

iatUude  of  some  course  multiplied  by  the  longUude  o]  the  eame 
tourse.  Cl'hus  the  area  of  FBCG  is  ijXia- Latitude  of  BCX 
Longitude  of  BC.)  The  areas  of  till  the  trapezoids  and  triau' 
glea  thus  found  in  any  survey  are  not  to  be  added  together  to. 
find  the  total  area,  for  each  trapezoid,  as  FBCG,  includes  area 
which  is  not  within  the  boundaries  of  the  survey,  while  the 
area  of  each  triangle  may  be  wholly  outside  of  those  boimdaries. 
If,  however,  all  areas  found  from  north  latitudes  (called  north 
products)  are  added,  and  all  areas  found  from  south  latitudes 
(south  products)  are  added,  the  difference  of  these  two  sums 
will  be  the  required  area. 


lauteratiin 


The  area  of  ABCD  in  FU-  4 


)(e)iii 


•/  be  found  aa  foUom: 


HOBTB  PeoDCOT 


-(Areu 

the  norUi  uid  wiutb  pj 

(c)  Double  longitudes.  It  the  longitude  of  any  course  is 
found  from  the  longitude  of  the  preceding  course  by  the  method 
of  Art.  460  (c),  it  is  necessary  to  use  halj  departures.  As  whole 
departures  and  not  half  departures  are  usually  given  in  the 
tabulated  foim  for  latitudes  and  departures  (see  p.  474^,  v*^  Vs. 
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more  convenient  to  multiply  each  latitude  by  twice  the  longi- 
tude (double  longitude)  and  divide  the  final  result  by  two. 

To  find  a  double  hngiiude  of  any  course  C  from  the  longitude 
of  any  preceding  course  P, 

Double  Longitude  of  C=  Double  Longitude  of  P+ Departure 
of  P+Departuite  of  C,  In  the  case  of  the  first  course  there  is 
no  preceding  course;  the  first  two  terms  disappear  and  the 
double  longitude  of  the  first  course  equals  its  departure.  The 
double  longitude  of  the  last  course  also  equals  its  departure, 
but  this  fact  is  used  simply  as  a  check. 

(f)  Rules  for  computing  areas  by  method  op  latitudes 

AND  DOUBLE  LONGITUDES.       (SuMMART.) 

1.  Compute  and  tabulate  the  latitudes  and  departures  in  the 
usual  manner. 

2.  Add  three  columns  to  the  table,  headed  respectively 
Double  Longitudes,  North  Products,  South  Products. 

3.  Ascertain  which  station  is  farthest  west,  and  which  of  the 
two  lines  from  this  station  is  the  first  line.  (See  pp.  414  and 
472.) 

4.  Complete  the  double  longitude  of  each  course  by  adding 
to  the  double  longitude  of  the  preceding  course  the  departure 
of  the  preceding  course  plus  the  departure  of  the  course  itself. 
West  departures  are  minus.  The  double  longitude  of  the  first 
course  equals  the  departure  of  the  first  coiu*se. 

5.  Check  the  double  longitudes  by  the  fact  that  the  double 
longitude  of  the  last  course  is  equal  to  the  departure  of  the 
last  course. 

6.  Multiply  the  latitude  of  each  course  by  the  corresponding 
double  longitude;  if  the  latitude  is  north  put  the  result  in  the 
column  headed  North  Products,  but  if  tne  latitude  is  south 
put  the  result  in  the  column  headed  South  Products. 

7.  Add  up  the  north  products,  add  up  the  south  products, 
subtract  the  smaller  sum  from  the  larger  and  divide  the  resiUt 
by  two. 

If  the  latitudes  and  departures  are  in  feet,  as  is  usually  the 
case,  the  result  will  be  in  square  feet.  To  reduce  to  acres 
divide  by  43  560,  or  multiply  by  0.0000229568. 

8.  Havin)^  computed  an  area  by  the  method  of  latitudes  and 
double  longitudes,  always  check  the  result  roughly  by  means  of 
the  planimeter  or  by  the  graphic  method  (see  p.  408).  If  a 
more  accurate  check  is  desirwl,  repeat  the  work  with  the  most 
easterly  station  as  an  origin,  thus  using  a  new  set  of  coordinates. 

Remark.  In  steps  6  and  7  reject  all  figures  beyond  the  second  doabt- 
fnl  place.  (See  Art.  425.  p.  369.)  In  step  (6)  use  abridged  multiplicatioo 
or  logarithms.  In  converting  square  feet  to  acres  it  is  fully  as  easy  to 
multiply  by  0.000022957.  using  the  abridged  method,  as  it  is  to  diyide  by 
^560.  A  table  in  which  these  constants  are  multiplied  once  for  all  by 
mrery  digft  from  2  to  9  is  useful.     (See  p.  377.) 
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Sowvf  of  error:  Startup 
with  the  wrong  Une  for  a  first 
Hne;  adding  departures  in- 
stead of  subtracting  when 
they  are  west;  entering  north 
products  in  the  column  for 
south  products  or  vict  vena; 
jorgettaig  to  divide  the  final 
product  by  tiBo. 

Illaitralum,     Let  It  be  lequirad 

to  find  the  area  of  tbe  polygon 
A~B-C-D-E-A  in  Fig.    fcO    (/). 

psrtures  liave  been  cslculated  and 
tabulated   in   the  usual  manner, 

caluma  of  double  longituileB.     It 

erly  station  (Art,  807  (a),  p.  472). 
and  that  therefore  DE  is  the  fint 
Una  (Art.  480(61,  p.  414; 


of    EA     + 


f, 

a  survByg  which  do  not  exactly  cloee,  the 

:S 

'zts:"£uZiS"!s,nJZ'i 

BC       N.-W. 
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QuMtion.  In  the  illustration  the  work  practically  amounts  to  subtract- 
ing the  sum  of  the  areas  MCD  and  FEAH  from  the  sum  of  the  areas 
MCBG,  GBAH,  and  FED.  Why,  from  inspection  of  the  figure,  should 
FED  be  included  in  the  latter  sum? 

NaU.     For  more  practical  examples  in  areas,  see  pp.  425  and  427. 

461.  To  Compute  Areas  from  Coordinates.     This  is 
simply  a  more  general  case  of  the  method  of  computing  areas 

from  latitudes  and  double  longi- 
tudes. In  Fig.  461  let  l-2-a-4  be 
any  irregular  polygon,  the  coordi- 
nates of  the  comers  with  respect  to 
two  coordinate  axes  being  known 
and  represented  by  x^,  oa,  Xt,  x^ 
and  Vit  Vz,  yz,  and  y^. 

The  area  of  the  polygon  is  equal 
to  the  sum  of   the   areas  of   two 
trapezoids  minus  the  sum  of  the 
^°*  ^^'  areas  of  two  others,  i.e., 

A  =  (Area  l'-l-2-2')+  (Area  2'-2-3-3') 

-(Area  3'-3-4-4')  -  (Area  4'-4-l-l'); 
'^  =  H(yi-2/2)(«i+«2)+  (y2-y3)(x2+xz) 

-  (y4-yiK^4-rX3)  -  (yi-yM^+xJ]; 

^'^ibfiix2-x^):^y2{xt.-Xi)+y3{x^-X2)-\-y^(x^-x3)];  ...      I 
A'^^'ilyiXi+ysXz+yix^-^-y^Xi-iyiX^+yiX^+yirz-hy^xa)],     .    .    II 

These  two  equations  may  be  expressed  as  follows: 
Rule  I.  Multiply  the  ordinate  of  each  comer  by  the  difference 
between  the  abscissas  of  the  two  adjacent  comers,  always  subtract- 
ing the  following  abscissa  from  the  fteceding  abscissa.     The  area 
is  one  half  the  sum  of  the  products. 

Rule  II.  Multiply  the  ordinate  of  each  comer  by  the  abscissa 
of  the  next  comer  and  sum  the  products.  Multiply  the  ordinate 
of  each  comer  by  the  abscissa  of  the  preceding  comer  and  sum  the 
products.     One  half  the  difference  of  the  two  sums  is  the  area. 

Remark.  To  avoid  mistakes  in  algebraic  signs  it  is  better  to  choose  the 
axes  so  that  the  whole  polygon  lies  in  the  first  quadrant.  In  the  above 
rules  it  is  assumed  that  the  comers  are  numbered  consecutively  in  either 
direction  around  the  polygon.  Of  course  the  rules  hold  good  if  the  words 
abscissa  and  ordinate  are  interchanged  wherever  they  occur. 

Rule  I  generally  involves  less  work  than  Rule  II.  When  Rule  II  is  used 
it  is  convenient  to  arrange  the  ordinates  and  abscissas  as  shown  on  p.  413. 

462.  Summary  of  the  Different  Methods  of  Computing 
Irregular  Areas.    The  most  general  case  likely  to  arise  in 

practice  may  be  stated  as  follows:  Boundary-lines  are  irregular; 
traverse  lines  do  not  coincide  with  boundary-lines;  boundaries 
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located  from  the  traverse  lines  by  offsets  taken  at  every  point 
of  abrupt  change  and  near  enough  together  so  that  the  boundary 
between  two  successive  offsets  may  be  considered  straight. 

The  lines  bounding  the  area  to  be  computed  form  a  polygon; 
in  the  perimeter  are  included  not  only  any  straight  boundary* 
lines  which  may  exist,  but  also  the  series  of  straight  lines  wmca 
He  between  offsets  and  which  follow  approximately  irregular 
boundaries  such  as  winding  roads  and  streams.  To  distinguish 
this  polygon  from  that  formed  by  traverse  lines,  it  will  be 
referred  to  as  the  boundary  polygon. 

(a)  First  method.  (1)  Compute  the  length  and  bearing  of 
every  line  in  the  boundary  polygon.  (See  practical  illustration > 
p.  405.)  (2)  Compute  and  tabulate  the  latitudes  and  de- 
partures for  all  the  lines  in  the  boimdary  polygon  (p.  389). 
If  the  error  of  closure  is  small  the  work  in  (1 )  is  probably  cor- 
rect. (3)  Find  the  area  within  the  boundary  polygon  by  the 
method  of  latitudes  and  double  longitudes. 

Remark.  The  length  and  bearms  of  each  side  in  step  (1)  may  be  found 
in  two  ways:  (1)  If  the  boundary  imes  are  irregular  the  method,  explained 
on  p.  405  IB  preferable.  (2)  If,  however,  the  boundary  line  is  straight 
and  corresponds  to  the  omitted  side  of  a  polygon  the  method  of  Case  I, 
p.  402,  may  be  used  although  the  first  applies  equally  well. 

(6)  Second  method.  (1)  Compute  the  area  within  the  poly- 
gon formed  by  the  traverse  lines  by  latitudes  and  double  longi- 
tudes (p.  416).  (2)  Compute  the  areas  of  the  triangles,  trape- 
zoids, etc.,  which  he  between  the  traverse  lines  and  the  boundary- 
lines.  (3)  Add  to  the  area  found  in  (1)  any  area  found  in  (2) 
which  lies  within  the  boimdary  polygon  and  subtract  any 
area  found  in  (2)  which  Ues  outside. 

(c)  Remark.  In  step  (2)  the  area  between  any  traverse  line  and  an 
irregular  boundary  may  often  be  computed  by  the  trapezoid  rule  (p.  411) 
or  by  one  of  the  rules  on  p.  412.  In  the  case,  however,  of  the  area  be- 
tween a  traverse  line  and  a  straight  boundary-line  the  metho4^^  explained 
in  the  following  illustration  is  frequently  used.  * 

(d)  Illustration.  Let  it  be  required  to  compute  the  area  of  the  piece  of 
land  shown  in  Illustration  III,  msert  sheet,  opposite  page  190.  (1)  The 
area  ABCD  is  found  by  the  method  of  latitudes  and  double 
longitudes.  (2)  The  area  of  the  polygon  9-C-I>-ll  is  equal 
to  the  area  of  the  trapezoid  9-x-y-ll  minus  the  areas  of 
the  two  shaded  triangles.  Since  |^e  distances  C-9  and 
Z>--11  were  measured  in  the  field,  and  angles  taken  to  9  and 
11,  the  sides  9-.t,  Cx,  Dy,  and  11-y  are  easily  calculated. 
(3)  The  areas  of  the  polygons  D-A-7-11  and  A-B-S-J  are 
found  in  a  similar  manner.  (4)  To  find  the  area  between 
CB  and  the  brook,  drop  perpendiculars  to  CB  at  C  and  B 
and  find  these  approximate  lengths.  (It  would  have  been 
well  to  have  measured  them  in  the  field.)  The  area  between 
these  two  perpendiculars  from  B  to  C  may  be  found  by  the 
method  on  p.  412,  and  to  this  area  the  areas  of  the  &ix\b,\\.  'Sv^.^KVV^' 
triangle  at  each  eud  must  be  added. 
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(e)  The  two  methods  compared.  The  chief  advantage  of  the 
first  method  is  the  excellent  check  m  step  (2).  There  is  no 
such  check  in  the  second  method.  The  first  method  would 
seem  to  involve  more  labor,  but,  in  most  cases,  the  work  in 
step  (1)  of  calculating  lengths  and  bearings  of  boundary-lines 
has  to  be  done  anyway,  so  that  the  extra  labor  involved  is  not 
as  much  as  would  at  first  appear.  Whichever  method  is  used  it 
is  well  to  check  the  con^>uted  area  roughly  by  the  area  ob- 
tained from  the  plotted  boundary-lines  (by  scaling  and  com- 
puting, p.  408,  Arts.  467  (a)  and  457  (6),  or  by  means  of  the 
planimeter,  p.  408). 


CHAPTER  XXXIV 

PARTING  OFF  LAND 


Many  of  the  problems  which  arise  in  parting  off  or  dividing  up  land 
mvolve  only  simple  geometrical  principles  which  the  student  cai^  readily 
discover  for  himself.  Of  the  more  complicated  problems,  two  are  oi  such 
frequent  occurrenee  that  methods  of  solving  them  are  explained  in  this 
chapter.* 


463,  General  Problem  Given  a  line  h  intersected,  by  two 
lines  making  angles  with  L  of  M  and  N  degrees  respectively.  Re- 
^ired  the  distance  x  from  Lof  a  line  C  parallel 
to  L,  which  shall  forrn  with  L  and  the  two  t3»^ 
dined  lines  a  trapezoid  of  given  area  A,  Also 
required  the  length  of  C  and  of  the  non-parallel 
sides  of  the  trapezoid, 

C=L-x(cot  Af+cot  N) 


T 


X^ 


FlQ,  m. 


A^il+Cyj^Lx—  (cot  31+ cot  iV) 

-2A  =  a;'(cot  M+OQt  N)-2Jjx 

*' "cot  if +coti\r*^^"  "cot  M +cot  iyr'^^ 

""cot  ilf+ cot  iV 
x^Lt±\/LH'*-2tA.  .....     (I) 


*  For  a  great  variety  of  problems  in  paAont^  ofi.  Wi^  ^i^  G\\\«wvV.<  *  ^>v 
v^ng.  Vol.  I,  pp.  363-209. 
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From  this  value  of  x  and  the  angles  M  and  N,  the  other 
unknown  distances  may  be  found  by  trigonometry,  for  x  is  the 
value  of  the  perpendicular  side  of  a  right  triangle  one  angle  of 
which  is  M,  and  also  of  another  right  triangle  one  angle  of 
which  is  N,  Compute  the  two  bases  of  these  triangles  and 
subtract  their  sum  from  L  to  get  C  The  lengths  of  the  non- 
parallel  sides  of  the  trapezoid  are  equal  respectively  to  the 
hypothenuses  of  the  triangles. 

464.  To  Part  Off  a  Required  Area  from  a  Given  Irreg- 
ular Polygon.  The  two  general  cases  which  arise  most  fre- 
quently in  practice  are:  (1)  When  the  direction  of  the  dividing 
line  is  known,  and  it  is  required  to  find  the  two  points  where 
this  line  meets  the  perimeter  of  the  polygon.  (2)  When  a 
starting-point  on  the  perimeter  is  known,  and  it  is  required  to 
find  the  direction  of  the  dividing  line.  The  different  steps  in 
the  calculation  will  be  outlined  and  then  illustrated  by  a  prac- 
tical example  for  each  case. 

(a)  Case  I.  To  divide  an  irregular  polygon  into  two  parts,  one 
of  which  shall  have  a  specified  area,  by  a  Une  having  a  given 
direction. 

If  no  bearings  are  given  the  dividing  line  may  be  assumed  as 
north  and  south,  and  the  corresponding  bearings  of  the  sides 
of  the  polygon  calculated  by  the  methods  of  Chapter  XXX, 
b^inning  with  the  side  which  makes  a  known  angle  with  the 
dividing  line.  If  the  bearings  are  given  it  is  better  to  use  them 
as  they  stand. 

(1)  Compute  the  latitude  and  departure  of  each  side  of  the 
given  polygon  to  see  if  it  is  a  closed  figure.  (If  it  does  not  close 
within  a  reasonable  limit  of  error  nothing  further  can  be  done 
with  the  problem.)  If  it  does  close  compute  its  area  by  the 
method  of  double  longitudes  (p.  416). 

(2)  Draw  the  polygon  acciurately  to  as  large  a  scale  as  can 
be  conveniently  used,  and  check  the  area  obtained  in  (1)  by 
some  approximate  method.    (See  p.  408.) 

(3)  Find  by  trial  the  approximate  position  of  the  dividing 
line.  Usually  this  may  be  done  very  roughly  by  a  method  sim- 
ilar to  that  used  in  (2),  since  the  object  is  simply  to  find  which 
vertex  of  the  polygon  is  nearest  to  the  dividing  line. 

(4)  Through  the  nearefet  vertex  found  in   (3),  assmne  an 
awdli&ry  line  hRvmg  the  same  direction  as  the  dividing  line. 

A  trapes^id  is  then  formed  having  ioi  \\iQ  \.^o  ^^^ra^VL^l  bases  this 
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auxiliary  line  and  the  dividing  line.  If  the  altitude  of  this 
trapezoid  can  be  found  the  position  of  the  dividing  line  is  de- 
termined. 

(5)  Compute  the  area  on  one  side  of  the  auxiliary  line  by  the 
method  of  latitudes  and  double  longitudes.  To  do  this  it  will 
be  necessary  first  to  calculate  the  missing  parts  of  the  polygon 
formed  by  the  assumed  line  and  that  part  of  the  original  perim- 
eter bounding  the  area  to  be  computed;  one  of  these  missing 
parts  is  the  length  of  the  auxiliary  line.     (Chapter  XXXII.) 

(6)  Find  the  difference  between  the  area  found  in  (5)  and 
the  area  to  be  parted  off  on  the  corresponding  side  of  the  divid- 
ing line.  This  difference  is  the  area  of  the  trapezoid  referred 
to  in  (4). 

(7)  Substitute  this  difference  for  A  in  Formula  I,  p.  421,  and 
solve  for  x,  the  altitude  of  the  trapezoid.  Find  also  by  trigo- 
nometry the  length  of  the  non-parallel  sides  of  the  trapezoid, 
thus  giving  the  two  points  where  the  dividing  line  meets  the 
perimeter  of  the  polygon.  Since  the  dividing  line  is  a  base  of 
the  trapezoid,  its  length  may  easily  be  found. 

(8)  As  a  final  check,  compute  the  area  on  each  side  of  the 
dividing  line  by  latitudes  and  double  longitudes,  to  see  if  the 
area  which  was  to  be  parted  off  has  been  obtained,  and  also  if 
the  simi  of  the  two  areas  is  equal  to  the  total  area  of  the  original 
polygon  as  found  in  (1).  (This  is  a  double  check,  but  see 
CatUion,  p.  424.)  It  is  well  to  check  the  area  of  the  trapezoid 
from  the  computed  lengths  of  the  two  parallel  bases  and  its 
altitude  x,  before  applying  the  double  check  just  given. 

(b)  Jllu^raiion,  Let  it  be  required  to  subdivide  the  tract  of  land  shown 
in  Fig.  464  (&)  by  a  line  de  whose  direction  shall  be  N.  55**  IC  £.,  in  such 
a  way  that  the  area  dEABed  shall  be  8  acres.  The  solution  of  this 
problem  is  shown  on  p.  425.     The  different  steps  were  as  follows: 

(1)  Calculated  the  latitudes  and  departures  and  found  that  the  figure 
closed.  Found  the  area  by  method  of  double  longitudes  (p.  416)  to  be 
478  810  sq.  ft.  or  10.992  acres. 

(2)  Drew  the  polygon  to  scale,  and  using  the  approximate  method  on 
p.  408  checked  the  area  found  in  (1). 

(3)  Found  approximately  where  de  would  have  to  be  in  order  to  make 
the  area  between  it  and  the  highway  equal  to  8  acres.  This  was  done  very 
roughly  by  the  approximate  method  used  in  (2),  the  sole  object  being  to 
find  which  vertex  in  the  perimeter  is  nearest  de.    This  vertex  is  evidently  E. 

(4)  Assumed  a  line  through  E  parallel  to  de  (N.  55°  lO'  E.)  intersecting 
the  opposite  side  of  the  polygon  at  b.  In  the  polygon  ABbEA  there  are 
two  missing  parts,  the  lengths  bE  and  Bb.  By  tne  method  given  on  p.  404 
these  lengths  were  found  to  be  6^  =  1087.7  ft.  and  ^6  =  15.6  ft.  (The 
computations  made  in  getting  these  results  are  not  shown  in  the  work  on 
p.  425.) 

(5)  Found  the  area  of  ABbEA  by  latitudes  and  double  loiieltu.d«&  \a 
be  84  690  sq.  ft. 
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(6)  Found  the  area  of  the  trapezoid  dEbe  by  subtracting  84  090  from 
48  480  sq.  ft.  (or  8  acres)  to  be  263  790  sq.  ft.  Substituting  in  Formula  I, 
I.  421,  found  ««299  ft.  Found  by  trigonometry  e&=>  338.0  ft.  and  £d-* 
91.8   (work  not  shown). 

(7)  Checked  the  area  of  the  trapezoid  as  indicated.  Also  checked  the 
area  between  de  and  the  highway  by  double  longitudes.  Found  it  to  be 
correct  within  60  sq.  ft.  If  worth  while,  this  error  could  be  corrected  by 
moving  the  line  de,  which  is  676.8  ft.  long,  an  amount  equal  to  60+676.8. 
As  this  JB  less  than  0.1  ft.  it  was  allowed  to  stand  in  this  case.  As  a  final 
check  the  area  DdeCD  was  calculated  by  double  longitudes  (work  not 
shown),  and  found  equal  to  2.993  acres.  Adding  the  areas  on  either  side 
of  the  dividing  line  de,  7.999+ 2.993  =»  10.992  =  the  area  of  the  entire  tract 
(check). 

(e)  SuqaeatCont,  (1)  It  is  well  to  keep  all  areas  in  square  feet  until  the 
problem  is  finished.  (2)  This  method 
can  be  used  for  subdividing  a  polygon 
into  any  number  of  parallel  strips, 
each  of  any  required  area.  (3)  In 
thee  ase  of  very  irregular  boundary- 
lines  it  may  be  impossible  to  find  a 
vertex  from  which  an  auxiliary  line 
can  be  drawn  and  a  trapezoid  formed. 
In  that  case  tiie  auxiliary  line  should 
be  assumed  as  near  to  the  position  <A 
the  required  line  as  can  be  estimated 
and  t^e  area  computed  as  in  (5).  This 
area  will  probably  be  incorrect,  but 
it  will  indicate  about  how  much  to 
move  the  auxiliary  line  for  another 
trial.  Two  or  more  trials  may  be 
necessary.  This  trial  method  makes 
no  use  of  Formula  I,  and  is  fre- 
quently used  in  place  of  the  trapezoid 
method.  (4)  It  is  not  essential  even 
in  the  trapezoid  method  to  have  the 
auxiliary  tine  pass  through  a  vertex  of  the  polygon;  it  may  start  at  any 
point  on  the  perimeter,  but  it  usually  saves  work  to  have  it  start  from  a 
vertex. 

(d)  Caution,  It  often  happens  in  subdivisions  of  areas  that  several  oi 
the  same  D.L's  and  N.  or  S.  latitudes  are  used  in  two  or  more  area  com« 

Mutations  (as  in  the  total  area  and  in  one  or  more  of  the  component  areas), 
n  such  cases  an  error  in  the  N.  or  S.  products,  if  they  are  not  multiplied 
independently  each  time,  might  extend  through  the  whole  computation, 
^et  would  not  be  revealed  by  the  checks  in  step  (8).  (See  preoedins 
illustration.)  In  such  cases  it  is  often  best  to  use  the  most  easterly  meridian 
as  a  starting-point  in  computing  the  last  set  of  D.L's. 

(e)  Casb  II.  To  divide  an  irregular  polygon  into  two  parts,  one 
of  which  shall  have  a  specified  area,  by  a  line  starting  from  a  given 
point  on  the  perimeter. 

If  no  bearings  are  given,  assume  some  line  of  the  polygon  as 
north  and  south,  and  calculate  the  corresponding  bearings  of 
the  remaining  sides,  otherwise  use  the  bearings  given.  Steps 
(1),  (2),  (3),  (5),  and  (8)  are  practically  identical  with  the  cop- 
lesponding  steps  of  the  preceding  case. 

(1)  and  (2)  Compute  the  latitudes  and  departures,  find  the 
area  and  draw  the  polygon  to  scale,  as  directed  in  steps  (1)  and 
(2)  of  the  preceding  case. 

(3r>  Find  by  trial  the  approximate  position  of  the  dividing 
I£ae,  m  order  to  ascertain  which  vertei^  ol  the  polyeou  is  nearest 


Fig.  464  (b). 
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to  the  unknown  end  of  the  dhriding  fine.    (See  step  (3)  of  the 
preceding  caae,) 

(4)  From  the  vertex  found  in  (3)  draw  an  auxifiary  fine  to 
the  known  ead  of  the  dividing  fine,  and  find  its  length  and  bear- 
ing (p.  401). 

(5)  This  auxifiary  fine  is  the  base  of  a  trian^  having  two 
unknown  sides,  one  the  required  dividing  fine,  the  other  a  por- 
tion of  one  side  of  the  polygon.  (See  dBe,  Fig.  464  (/).)  The 
solution  of  the  problem  depends  upon  finding  the  area  of  this 
triangle. 

(6)  CSalculate  the  area  on  one  side  of  the  auxiliary  fine  by  the 
method  of  latitudes  and  double  longitudes. 

(7)  Find  the  difference  between  the  area  found  in  (6)  and  the 
area  to  be  parted  off  on  the  corresponding  side  of  the  dividing 
line.  This  difference  is  the  area  of  the  triangle  referred  to 
in  (5). 

(8)  The  base  of  the  triangle  being  known  from  (4)  and  its 
area  from  (7),  its  altitude  follows  at  once.  Then  the  lengths  of 
the  two  unknown  sides  may  be  computed  by  trigonometry. 

(9)  As  a  final  check,  calculate  the  area  on  each  side  of  the 

dividing  line  as  explained  in  step  (8)  of  the  preceding  case. 

(/)  lUnMration.     Required   to  subdivide  the  tract  of  land   shown   in 
Fig.  464  (J)  by  a  line  of  unknown  direction,  starting  from  a  given  point  d 
and  parting  off  an  area  deBAEd=' 
7.999  acres. 

(1)  and  (2)  Found  the  area  of  the 

?jven  polygon  to  be  478  810  sq.  ft. 
See  preceding  illustration.)  Checked 
it  roughly  by  drawing  the  polygon  to 
scale. 

(3)  Found  approximately  the  di- 
rection of  de  such  as  to  make  the  area 
between  it  and  the  highway  equal  to 
7.999  acres.  Found  ^  to  be  the  ver- 
tex nearest  the  unknown  point  e. 

(4)  Drew  the  auxiliary  line  Bd  and 
found  its  bearing  and  length  by  the 
method  for  missing  measurements  to 
be.  respectively,  8.  75°  33'  W.  and 
898.0  ft.     (See  opposite  page.) 

(5)  Found  the  area  of  dEABd  to  be 
242  565  sq.  ft. 


Fio.  464  (f). 


dea  by  subtracting  242  565  from 
348  436  sq.  ft.  (or  7.999  acres)  to  be 
106  871  sq.  ft. 

(7)  Found  the  altitude  fe  of  the  triangle  to  be  235.8  ft.,  and  the  two 
unknown  sides  by  trigonometry  are:  Be  =  353.6  ft.  and  ed  =  676.8.  The 
angle  «dB-20*»  23',  from  which  the  bearing  of  cd  =  S.  55°  10'  W. 

(8)  CHiecked  the  position  of  ed  by  calculating  the  area  on  each  side  as 
in  step  (7)  of  the  preceding  illustration.  (Work  for  one  area  shown  on  p. 
4^*'  *     (See  CauHon,  p.  424.) 

^tfesfton9.     0ee  suggestions  ^t  thQ  end  of  the  preceding  case. 
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CHAPTER  XXXV 
EARTHWORK  COMPUTATIONS 

fs  this  diapter  are  given  simple  methods  of  compu<anc  earthwork, 
8ach|  lor  example,  as  tiiose  most  used  in  estimating  cut  and  fill  for  ordinary 
gradmc.  For  a  more  comprehensive  treatment  of  earthwork  computa- 
tions uie  student  is  referred  to  standard  books  on  railroad  engineaing. 


465.  Grade  Elevations.  The  grade  or  gradient  between  two 
points  of  fixed  elevations  is  equal  to  the  difference  in  elevation 
divided  by  the  distance  between  the  points.  This  grade  is 
generally  given  in  per  centf  as  3%,  5%,  etc.  {See  310  (a),  p. 
243.)  The  per  cent  being  known,  the  elevations  of  intermediate 
points  are  easily  obtained.  The  usual  method  is  to  find  the  ele- 
vation of  any  point  by  adding  to  the  elevation  of  the  preceding 
point,  if  lower,  a  quantity  equal  to  the  di&itance  from  the 
preceding  point  multiplied  by  the  grade.  If  the  intermediate 
points  are  equal  distances  apart«  the  quantity  added  each  time 
18  of  course  a  constant. 

(a)  lUustrdion.    In  Fig.  465  (a)  let  the  elevation  of  two  points  200  ft. 
apart  be  respectively  52  and  60  ft.,  and  let  the  finished  grade  be  a  straight 

line  between  the  two  points.  Let  the  exist- 
ing surface  be  represented  by  the  full  line. 

The    grade    is       ^  •  =0.04    or    4%.     For 

50-ft.  stations  the  constant  change  of  grade 
is  0.04X50  =  2  ft.  The  elevation  of  A  is 
52+2=54  ;  of  ^,  54  +  2  =  56;  of  C,  56+2=58. 
As  a  check  58  +  2  =  60,  the  original  elevation. 
This  check  should  never  be  omitted. 

-  The  grade  elevation  of  any  other  point 

^^Datum— 0.0  -^  between  50-ft.  stations  may  be  found  easily. 

Thus,  for  example,  at  a  point  24  ft.  from 
Fio   465(a)*  -^   toward   C   the   grade   elevation   is   56  + 

(24X0.04)  =  56.96. 
Note.     For  a  more  practical  illu8tration« 
see  tcomputatSons  for  sewer-grade  points,  p.  286,  and  also  Illustration  (b), 
p.  281. 

(f))  CtU  and  fill.    The  cut  and  fill  at  any  point  is  the  differ- 
mice  between  the  grade  elevation  at  that  point  and  the  eleva- 
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tion  of  the  existing  Burfooe.  K  the  former  is  alwajrs  subtracted 
from  the  latter  aigt^aicaliy,  a  vvums  result  indicates  p.U  (earth 
to  be  added),  a  ■^iii  result  cut  (earth  to  be  taken  away).  Thus 
in  Fig.  485  (a)  the  fill  at  A  ia  48-54=  -6  ft.,  and  at  B  49- 

56^ 7  ft.    The  cut  at  C  is  64-58=+6  ft.,  and  at  the  last 

point  64.5 -60=+4.5  ft. 

466.  Geometrical  Definitions  and  Principles.  A  poly- 
hedron is  a  geometrical  solid  bounded  by  planea.  A  jtrism  is  a 
polyhedron  two  of  whose  faces  (bases)  are  equal  polygons 
lying  in  parallel  planes  and  having  their  homologous  ra'des  par- 
allel, the  other  faces  being  parallelograms  formed  by  planes 
passed  through  the  homologous  sides  of  the  equal  polygons, 
A  truncaled  ■prism  is  one  in  which  the  two  bases  are  not  parallel. 
A  rigH  truncated  prism  ia  one  in  which  one  of  the  bases  is  per- 
pendicular to  the  lateral  edges. 

The  volume  of  any  tnmcated  prism  is  equal  to  the  area  of  a 
right  section  multiplied  by  the  length  of  a  line  joining  the  centers 
of  mass  of  the  two  bases.  The  volume  of  any  tfunnated  trian- 
gular prism  is  equal  to  the  product  of  its  right  section  by  }  the 
sum  of  its  lateral  edges.  Any  truncated  prism  whose  base  is 
a  symmetrical  potygon  can  be  divided  Into  equ^  truncated 
triangular  prisma,  and  hence  the  volume  of  such  B  prism  is  equal 
to  the  area  of  a  right  section  multiplied  by  a  length  equal  to 
the  mean  of  all  the  lateral  edges. 

467.  CalcuUtinf  Earthwork  by  the  Metliod  of  Unit 
Areas,  (a)  In  Fig.  4G7  (a)  let  abed  be  a  rectangle  which  has 
been  sti^jcd  out  on  the  ground,  and  suppose  that  the  four 
comers  are  at  different  elevations,  but 

lie  in  the  same  plane.  The  surface 
bounded  by  the  rectangle  ia  therefore 
aa  inelined  piaae.  Suppose  that  it  ia 
desired  to  grade  down  to  a  level  but- 
face  a  certain  distance  below  the  bwest 
comer.  The  earth  to  be  moved  is  a 
n^  truncated  prism,  with  vertical 
edges  at  a,  6,  c,  and  d.  Suppose,  on 
the  other  hand ,  that  the  fmi^ied  grade 
is  also  an  indmed  pbne  (not  neces- 
sarily parjJlel  to  the  original  surface), 

then  the  earth  to  be  moved  ia  a  truncated  priam  wboee  tight 
Mctum  is  iho  rectangle  odod.    In  either  casR  \1»  -«iVame,\».  wias^ 
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to  the  area  of  the  rectangle  ahcd  multiplied  by  one  fourth  of 
the  sum  of  the  vertical  edges  through  a,  b,  c,  and  d,  or 

F(mcu.ft.)=il 1 orF(mcu.yds.)«        4^27 "   ^^ 

This  formula  is,  of  course,  equally  applicable  to  fills,  i.e.,  when 
the  grading  is  carried  up  to  a  plane  wholly  above  the  original 
surface. 

(6)  When  any  surface  has  been  divided  into  a  number  of 
WMqtml  rectangles  and  the  surface  within  each  rectangle  is  a 
plane,  there  will  be  as  many  prisms  as  there  are  rectangles,  and 
the  total  volume  will  be  the  sum  of  the  volumes  of  all  of  the 
prisms.  By  making  the  rectangles  equal,  however,  the  work  of 
computation  is  simplified.  Thus  in  Fig.  467  (a)  each  comer- 
height  will  be  used  as  many  times  as  there  are  rectangles  join- 
ing at  the  comer  (indicated  on  the  figure  by  numbers).  The 
total  volume  is  therefore 

As* area  of  one  rectangle  in  sq.  ft.;  2*= sum  of;  fe= comer- 
height;  subscripts  indicate  number  of  times  a  comer-height  is 
used. 

(c)  Remark.  Both  formulas  (I)  and  (II)  are  based  on  the  assumption 
that  the  original  surface  within  a  unit  rectangle  is  a  plane.  In  practice 
the  unit  area  is  assumed  small  enough  so  that  this  assumption  is  approx- 
imately true,  but  it  is  practically  never  exactly  true,  and  the  volume 
obtained  from  either  formula  will  be  slightly  different  from  the  true  volume. 

{d)  If  the  finished  surface  is  inclined  it  may  slope  in  one 
direction  (Case  II,  p.  288),  or  it  may  slope  in  two  directions 
(Case  III,  p.  288).  In  either  case  the  elevations  of  the  finished 
surface  at  the  different  comers  must  be  obtained  either  by  cal- 
culation or  graphically  before  the  comer-heights  can  be  foimd. 
The  method  of  ascertaining  these  grade  elevations  will  depend 
upon  how  the  imit  areas  were  laid  out  in  the  field.  The  direc- 
tions for  setting  grade-stakes  (pp.  288-289)  will  suggest  ways 
in  which  the  method  of  Art.  465,  p.  428,  may  be  used  to  find 
grade  elevations  at  points  in  any  given  row. 

(e)  Method  of  procedure,  (1)  Draw  a  diagram  of  the  rect- 
angles as  laid  out  in  the  field,  not  necessarily  to  scale  but  large 
enough  so  that  the  shortest  side  of  a  rectangle  is  at  least  an 
inch.  (2)  At  each  comer  mark  the  elevation  of  the  original 
surface  as  obtained  from  the  field  notes.     (3)  Calculate  the  ele- 
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vatktn  of  the  graded  surface  at  each  comer  and  put  the  result 
on  the  diagram  directly  under  the  original  elevation.  (4)  Sub- 
tract on  the  diagram  the  original  elevations  from  the  grade 
elevations  {or  iwce  •oeraa  if  it  is  &11  instead  of  cut),  thus  getting 
the  corner-heights.  (5)  Sum  up  all  the  comer-heights  in  the 
perimeter  used  onee;  sum  up  all  those  used  twice  and  multipty 
by  2;  sum  up  all  those  used  tiaree  times  and  multiply  by  3; 
thi")  will  take  into  account  all  points  in  the  perimeter;  sum  up 
all  interior  comer-heights  and  multiply  by  4.  (6)  Sum  up  all 
the  results  obtained  in  (5)  and  multiply  by  j—--,  where  A  =  area  in 
ectangle — the  result  is  the  total  volume  in 


square  feet  of  unit  r 
cubic  yards. 

When  the  outline  of 
method  of  procedure  m 

m  SasgetioTU.     Any  By 
in  place  of  that  Eiven,  prov 


the  entire  area  is  not  rectangular  this 

jst  be  modified.     (See  Fig,  467  (3),) 

itemntic  method  of  procedure  may  be  Eollowsd 
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fg)  When  the  outline  of  an  area  is  tiot  rectangvlar,  as  in  Fig. 
467  (3}  it  cannot  be  subdmded  mto  squarea  or  rectangles,  but 
as  much  as  possible  of  the  cal 
culation  IS  done  by  the  method 
of  the  preceding  article  and  the 
rest  by  finding  the  \olumeB  of 
the  irregular  solids  around  the 
edges  Thus  m  Fig  467  (9)  the 
unshaded  portion  was  divided 
mto  50  ft  squares  and  the  cor- 
respondmg  volume  computed  ] 
by  the  preceding  method  Ex- 
tending the  hnes  to  the  bomid- 
anes  a  number  of  irregular 
areas  are  formed  (indicatwi  by  cross-lineH)  From  each  area 
and  the  corresponding  comer  heights  the  volume  of  the  corre- 
spondmg  pnsm  may  be  found  and  the  sum  of  these  volumes 
added  to  the  volume  of  the  unshaded  portion.  In  the  majority 
of  cases  the  irregular  areas  will  be  trapezoids;  the  niidd.\s.\i!t\*^&. 


_! L_i_ 

Fra   487(0). 
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of  each  tmpesoid  (computed  or  icaled)  multiplied  by  the  base 
givea  the  area,  and  this  area  multiplied  by  the  mean  of  the  cor- 
responding comer-heighta  givea  the  volume.  In  Fig.  467  (3) 
all  the  shaded  areas  are  trapezoidi  except  the  two  in  the  upper 
comers  (double-cross-Iinod),  and  each  of  these  may  be  divided 
into  a  trapezoid  and  a  triangle. 

When  a  cut  or  fill  "runs  out  to  eero"  the  boundary-line  ia 
usually  irregular,  aa  ehown  by  the  dotted  line.  (See  Fig.  468.) 
In  a  perfectly  general  caae  of  this  kind  all  four  ades  of  the 
figure  would  be  bounded  by  irregular  lines,  but  the  method 
would  Btill  hold  good. 

ih)  Suggettiona.     Good  judgment  in  chooeinj!  the  bIh  of  ths  unit  oquare 

botlTiD  tS/'fieldond  in  the'oHice.^  ¥be  Wcace  ^itmETs' imit  area'sbould 
bs  spproximatsly  s  plnne,  aad  the  aim  ihould  be  ta  have  the  smalleat 
number  of  comen  conaiatenC  witli  tbis  rule.  (See  Kemarlt.  p.  4:<0.}  Fin- 
in  be  uaed  (nr  the  greater  portion  of  the  work 
amollei  unit  areas  being  adopC«d  for  pUces 

ihe  assumption  that  the  four  romera  of  a  luiit 
im  true,  but  any  three  poinU  will  lie 
y  be  obtained  by  flubdividine  each  unit 

Sles  by  drawing  that  one  of  th«  two 
la  groqnd.  Each  ooriier-bei(ht  will 
then  be  used  as  many  timee  as  there  are  triangles  meeting  at  that  comer. 
(Why  cannot  this  number  exceed  eight?)     Formula  II,  p.  430,  then  b»- 


ently   largi 
wber«  toi  gn 


■quare  or  rectanglt 
diagonala  which  m 


une  plane  ia  ael 
'    -'er  results  in 

6  nearly  fils'S 
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it  rataneU  or  igjiart.  and  the  subiKrIpts  denote 

4«8.  Estimates  of  Cut  and  PHI.  In  Figa.  467  (a)  and 
467  (g)  it  waa  assumed  that  Uie  graded  or  finished  surface  would 
be  entirely  below  or  above 
the  original  Eurface,  i.e.,  that 
the  grading  would  be  all  cut 
or  all  fill.  More  often  In 
practice  the  problem  is  one 
in  both  cut  and  fill.  Sup- 
pose that  in  Fig.  46S  the 
elevations  of  the  ground  at 
all  comers  of  the  squares 
have  been  ascertained,  and 
ji,g_  fg^  it  is  desired  to  grade  down 

to  an  elevation  of  20  ft. 
above  datum.  Let  the  outside  broken  Une  represent  the  bound- 
My  {^  tha  area  to  be  graded.    Suppose  that  the  elevations  of 
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all  the  comers  within  the  shaded  area  are  above  20  ft.  and  those 
in  the  unshaded  area  are  below  20  ft.  Then  there  must  be  a  line 
somewhere  between  (represented  by  the  inside  broken  line) 
which  passes  through  points  of  exactly  20  ft.  elevation,  i.e.,  a 
line  at  grade,  corresponding  to  a  20-ft.  contour.  Points  through 
which  this  line  passes  may  be  determined  by  interpolation  as 
explained  below.  The  volume  of  cut  (shaded  area)  and  the 
volu-ae  of  fill  (unshaded  area)  can  each  be  calculated  by  the 
method  of  the  preceding  article,  and  the  difference  between  the 
two  is  the  amount  of  earth  which  must  be  "boiTowed"  or 
taken  away,  according  to  whether  the  fill  or  the  cut  is  in  excess, 
assuming  that  no  allowance  is  made  fer  shrinkage  or  expansion. 

Remark.  In  the  above  illustration  the  finished  surface  is  level,  hence 
the  grade  elevation  at  any  point,  as,  for  example,  at  any  corner  of  any 
square  or  at  any  point  between  comers,  is  20  ft.  The  interpolation 
for  any  point,  as  a,  is  very  simple,  since  its  elevation  must  be  20  ft.  (See 
Fig.  469  for  method.)  When  the  finished  surface  is  inclined  the  grade 
elevations  at  the  comers  of  the  squares  will  differ,  but  once  the  cut  or  fill 
at  each  comer  is  known  the  work  of  interpolation  is  no  more  difficult  than 
for  a  level  grade. 

Sometimes  portions  of  the  outside  boundary-line  are  determined  by  the 
points  where  the  grade  "runs  out,"  i.e.,  where  there  is  neither  cut  nor 
fill.     In  such  a  case  these  points  may  also  be  found  by  interpolation. 

469.  Interpolation,  (a)  Let  the  elevations  of  the  surface 
of  the  ground  at  A  and  B,  two  comers  of  a  square,  be  19.2  and 
22.1  respectively.  Suppose  that  the  graded  or  finished  surface 
is  level  and  its  elevation  is  20  ft.  It  is  required  to  find  a  point 
on  the  line  AB  where  the  existing  surface  is 
intersected  by  the  graded  surface,  assiuning 
the  former  to  slope  uniformly  from  A  to  B. 
There  are  several  methods,  arithmetical, 
graphic,  and  mechanical,  based  on  the  prop- 
erties of  similar  triangles.  One  of  the  sim- 
plest graphic  methods  is  shown  in  the  figure. 
At  A  19.2 -20 «  -0.8  (fiU),  and  at  B  22.1  -  p,^  469^ 

20= +2.1  (cut),  hence  lay  off  to  any  scale 
8  units  in  one  direction  and  21  imits  in  the  opposite  direction, 
lay  down  a  straight-edge  between  the  points  thus  obtained  (in- 
dicated by  the  broken  line),  and  mark  the  required  point  C. 
Since  the  8  units  and  the  21  units  may  be  laid  off  on  any  two 
parallel  lines  through  A  and  B,  it  saves  time  to  use  the  sides 
of  the  square,  and  points  can  be  interpolated  in  a  case  like  that 
of  Fig.  469  without  drawing  any  lines  whatever.  This  method 
is  equivalent  to  plotting  a  vertical  section  thiou%b.  A.  ^jsA  B  \ssl 
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which  A'B'  is  a  level  line  of  20-ft.  elevation,  a  a  point  0.8  ft. 
below  this  line,  and  h  a  point  2.1  ft.  above  it. 

In  other  words  the  fill  (—0.8)  is  laid  off  in  one  direction  and 
the  cut  (+2.1)  is  laid  off  in  the  other.  It  is  well,  therefore, 
before  beginning  to  interpolate  to  go  over  the  plot  and  mark 
the  amount  of  cut  or  fill  at  each  comer. 

(6)  When  the  grade  is  not  level,  (1)  Find  the  grade  elevation 
at  each  comer.  (2)  Find  the  cut  or  fill  at  each  comer.  (3)  Pro- 
ceed as  above,  i.e.,  lay  off  the  fill  in-  one  direction,  the  cut  in 
the  other  on  parallel  lines,  and  lay  a  straight-edge  between  the 
points  thus  obtained;  it  will  cross  the  side  of  the  square  in  the 
required  point.  (Draw  a  figure  and  prove  this.) 
Note.     For  other  methods  of  interpolation  see  page  497. 

470.  Prismoids.  Definition.  ''A  prismoid  is  a  solid  having 
for  its  two  ends  any  dissimilar  parallel  plane  figures  of  the  same 
number  of  sides,  and  all  the  sides  of  the  solid  plane  figures 
also."  Any  prismoid  may  be  resolved  into  prisms,  pyramids, 
and  wedges,  the  common  altitude  of  which  is  the  perpendicular 
distances  between  the  two  parallel  end  planes. 

Many  excavations  and  embankments,  especially  those  which 
occur  in  the  const  ruction  of  roads  and  railroads,  are  more  nearly 
prismoids  than  prisms.  There  are  several  methods  of  comput- 
ing the  volume  of  a  prismoid.  Two  of  the  most  common  are 
indicated  by  the  following  formulas,  in  which  A^  and  A^  repre- 
sent the  areas  of  the  two  parallel  end  faces,  M  the  area  of  the 
middle  section  parallel  to  the  end  planes,  and  I  the  length  or 
perpendicular  distance  between  the  end  planes: 

End-area  Formula:  F  (incu.  yds.)=  J  (A,+A2)X27.       •    (IV) 

Prismoidal  Formula:  y(in  cu.yds.)  =  J(A,+4M+A2)X^.    (V) 

The  "end-area  formula"  gives  approximate  results,  close 
enough  for  rough  estimates,  and  is  in  general  use.  The  "pris- 
moidal formula"  is  of  wide  application,  since  it  gives  the  cor- 
rect volume  of  any  solid  bounded  by  two  parallel  plane  faces, 
and  defined  by  the  surfaces  generated  by  a  straight  line  moving 
upon  the  perimeters  of  these  faces  as  directrices.  It  is  used  as 
a  basis  for  earthwork  computations  in  railroad  work,  and  it 
would  be  used  more  extensively  than  it  is  were  it  not  for  the 
extra  labor  involved  in  finding  M.  The  area  M  is  not  the  mean 
i}f^f  and  A^^  hnt  each  of  its  linear  dimensions  i^  the  average  of 
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the  corrcsponding  dimeneions  of  A,  and  A^  &nd  from  theee 
linear  dimemdong  the  area  M  is  found.  The  middle  section  is 
sometimes  measured  on  the  ground;  or  in  a  series  of  such  seo- 
tions,  equally  spaced,  each  alternate  section  may  be  taken  as 
M,  and  the  length  of  the  prismoid  as  twice  the  distance  between 
croes-nections.  For  a  coDtinuous  line  of  earthwork  the  pris- 
moidal  formula  then  becomes: 


V-: 


,(A,+ W,+2A,+4A,+2ii,+4A,  . .  .+A„). 


VI 


3X27'-" 

In  ordinary  croBa-sectioning  it  is  customary  to  take  elevations 
of  the  surface  of  the  ground  at  three  points  (middle  point  and 
two  aide  points),  on  a  line  at  right  angles  to  the  center-line,  at 
every  100-ft.  station,  mileas  a  sudden  change  in  the  ground 
requires  an  intermediate  cross-section.  For  "three-level"  sec, 
tions  the  work  of  computation  is  simplified  by  finding  the 
volume  first  by  the  inexact  method  of  "end  areas"  and  then 
applying  a  "prismoidal  correction".  The  work  is  further 
ehortened  by  the  use  of  diagrams.* 

471.  Estimating  Cut  and  Fill  from  a  Contour  Map. 
There  are  several  methods  in  which  approximate  estimates  for 
grading  can  be  made  from  contour  maps. 

(a)  First  Melhod.  In  Fig.  471  (a)  the  contours  of  the  existing 
surface  are  represented  by  full  hnes.  The  figures  around  the 
outside  of  the  bounding  UneB 
give  the  grade  elevations  at 
those  points,  and  hence  the 
straight  lines  represent  con- 
tours of  the  finished  or 
graded  surface  at  one-foot 
intervals.  At  every  point 
where  a  straight  line  inter- 
eects  a  contour  ot  the  exist- 
ing surface  the  cut  or  fill  can 
be  found  by  simply  subtract- 
ing the  elevation  of  the 
straight  line  from  the  eleva-  Fw.  471  (o). 

tion  of  the  contour.    By  joiaiag  points  of  equal  cut  or  fill,  a 

•  For  prismoidal-correction  fonnulaa  and  tor  complete  dacimioni  ot  the 

'  BUI*  "m"  Cobb's  -RsilroadCorBtruction"  (John  Wiley  A  Bona),  or  Alfe^ 
•'  Bailroui  Curves  and  Earthworlt"  (Spon  &  Chamberlam,  »wi  liert. 
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set  of  lines  is  obtained  (represented  by  broken  lines  in  Fig. 
471  (a))  which  are  the  horizontal  projections  of  lines  cut  from 
the  existing  surface  by  planes  parallel  to  the  finished  surface. 
In  this  case  these  planes  are  one  foot  apart,  measured  vertically. 
The  layer  of  earth  between  any  two  of  these  parallel  planes  is  a 
solid  having  for  its  two  parallel  bases  the  irregular  areas  en- 
closed by  the  two  corresponding  broken  lines,  and  for  its  alti- 
tude the  vertical  distance  of  one  foot.  The  volume  of  this 
solid  may  be  obtained  by  the  end-area  method  or  by  the  pris- 
moidal  formula,  the  irregular  areas  being  found  from  the  map 
by  scaling  and  computing  or  by  the  use  of  the  planimeter. 
The  sum  of  the  volumes  of  all  the  layers  is  the  total  volume 

required. 

(b)  lUuslration.  The  line  passing  through  the  points  marked  5  in 
Fig.  471  (a)  is  the  horizontal  projection  of  a  line  on  the  existing  surface 
which  encloses  an  imaginary  irregular  surface  that  ia  parallel  to  and  5  ft. 
above  the  finished  surface.  Likewise  the  line  through  points  marked 
6  represents  the  boundary  of  an  imaginary  surface  parallel  to  and  6  ft. 
above  the  finished  surface.  The  area  enclosed  by  the  5-ft.  line  and  the 
area  between  the  6-ft.  line  and  the  top  and  left  bounding  line  are  ascer- 
tained, and  the  volume  between  these  two  irregular  surfaces  computed  as 
explained  above.  The  volumes  of  the  other  layers  may  be  found  in  a 
similar  manner. 

(c)  Second  Method,     (1)  Divide  the  map  into  unit  squares  or 

unit  rectangles  by  ruled  lines.  (2)  Find  by  interpolation  the 
elevation  of  the  existing  surface  at  the  comers  of  each  unit 
square.  (This  is  done  by  a  method  the  reverse  of  that  ex- 
plained in  Art.  469,  p.  433.)  (3)  Ascertain  the  grade  elevation 
at  each  comer  and  then  the  comer-height.  (4)  Calculate  the 
volume  by  the  method  of  Art.  467,  p.  429. 

(d)  Remark.  The  two  m-eoeding  methods  are  used  most  in^  estimates 
where  the  finished  or  graded  surface  is  a  plane — level  or  inclined.  For 
warped  or  undulating  surfaces,  ot  for  structures  like  dams  or  reservoirs 
and  terraces  having  regular  outlines,  another  method  (given  below)  is 
often  used. 

(e)  Third  Method,  (1)  Make  an  accurate  map  on  which  the 
existing  surface  of  the  ground  is  shown  by  contours  drawn  in 
black  ink.  (2)  On  this  map  lay  out  contours  in  red  ink  which 
correspond  in  devaiion  to  those  in  black  ink,  but  which  repre- 
sent the  finished  or  graded  surface.  If  this  final  surface  is  to 
be  curving  or  undulating,  the  red-ink  contours  will  be  curving 
lines,  but  if  it  is  a  surface  composed  of  plane  faces,  like  the  in- 
side slopes  of  a  rectangular  reservoir,  the  red-ink  coutours  will 
be  a  series  of  straight  lines.*     (3)  The  area  enclosed  by  a  red- 

♦See  Rasrmond's  "Plane  Surveying"  (American  Book  Co.,  New  York), 
/?.  286,   or  Johnson's  "Plane  Surveying"   (John  Wiley  &  Sons),  p.  44d, 
for  an  illustration  of  this  method  applied  to  a  reservoir. 
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ink  contour  and  a  black-ink  contour  of  the  same  elevation  is 
the  horizontal  area  of  the  cut  or  fill  at  that  elevation.  (4)  The 
layer  of  earth  between  two  of  these  successive  areas  is  approxi- 
mately a  prismoid,  the  altitude  of  which  is  the  contour  interval. 
The  volumes  of  successive  layers  may  be  obtained  by  the  end- 
area  method  or  by  the  prismoidal  formula,  but  if  the  latter  is 
used  it  is  better  to  consider  every  other  area  as  a  middle  area, 
and  the  height  of  the  prismoid  as  twice  the  contour  interval. 
Areas  are  usually  found  from  the  map  by  means  of  the  pla- 
nimeter. 


CHAPTER  XXXVI 

THE  USE  OF  THE  DRAWING  INSTRUMENTS  * 

In  this  chapter  are  given  such  directions  and  suggestions  for  the  Use  of 
drawing  instruments  as  are  of  special  importance  in  mapping. 


472.  Use  of  the  Pencil.     (1)  Use  a  6-H  pencil  for  ordinary 

map-drawing,  but  for  penciling  directly  on  tracing-cloth  a  3-H 

pencil  (or  softer)  is  better.     Sharpen  as  follows:   Cut  the  wood 

back  a  little  more  than  an  inch  at  each  end  of  the  pencil,  leav-' 

ing  at  least  f  in.  of  lead  exposed.    Sharpen  the  lead  at  one  end 

to  a  long  thin  wedge  by  rubbing  the  flat  sides  on  fine  sandpaper 

alternately  as  in  sharpening  a  knife,  until  they  taper  gradually 

from  the  wood  to  a  knife-edge.     Sharpen  the  lead  at  the  other 

end  to  a  long  cone-shaped  point  by  rolling  the  lead  as  it  is 

rubbed. 

Remark.  The  above  directions  are  made  explicit  because  so  many 
students  neglect  to  sharpen  their  pencils  properly.  It  is  practically  im- 
possible to  do  accurate  work  in  plotting  with  a  lead  that  is  dull  or  soft — 
clear  hair-lines  are  absolutely  essential. 

(2)  Draw  lines  so  close  to  the  ruling  edge  that  they  are 
scarcely  visible  until  the  edge  is  moved  away.  To  insure  this, 
it  may  be  necessary  to  incline  the  top  of  the  pencil  slightly  out- 
ward, thus  bringing  the  flat  side  of  the  lead  in  contact  with  the 
lower  comer  of  the  ruling  edge.  The  pencil  should  be  held 
nearly  vertical,  and  it  should  be  dravm,  not  pushed.  Do  not 
use  the  cone-shaped  lead  for  ruling  lines — it  will  wear  off  too 
fast;  keep  it  sharp  for  marking  points. 

473.  Use  of  the  T-square.  (1)  Make  sure  that  the  upper 
edge  of  the  blade  is  straight  ,t  and  do  not  use  the  lower  edge 
unless  it  is  known  to  be  truly  parallel  t    the  upper  edge. 

♦  This  chapter  is  taken  largely  from  a  similar  chapter  in  the  authoi's 
*An  Introductory  Course  in  Mechanical  Drawing"  (American  Book  C5o.). 
The  student  is  referred  to  that  book  for  a  more  complete  treatise  on  the 
use  of  drawing  instruments. 

tTo  test  an  edge  for  straightness  draw  a  fine  hair-line  in  exact  contact 
with  the  edge,  and  then  turning  the  T-square  end  for  end,  see  if  the  same 
edge  coincides  with  the  line  throughout  its  length. 

438 
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(2)  Use  the  T-square  against  the  left-hand  edge  of  the 
board  for  horizontal  lines,  and  acquire  the  habit  of  feeling  the 
head  in  perfect  contact  with  the  edge  before  starting  to  draw 
a  line. 

(3)  Do  not  use  the  T-square  with  its  head  against  the  right- 
hand  edge  of  the  board  unless  you  draw  with  your  left  hand. 

(4)  Do  not  draw  vertical  lines  by  placing  the  head  of  the 
T-square  against  the  top  or  bottom  of  the  board  except  in 
rough  work,  for  adjacent  edges  of  the  ordinary  drawing-board 
are  seldom  exactly  at  right  angles  to  each  other. 

(5)  In  drawing  long  obUque  lines  it  is  sometimes  necessary 
to  turn  the  T-square  over  in  order  that  it  may  lie  flat.    In  that 
case  use  the  edge  of  the  blade  which  is  known  to  be  straight 
and  take  extra  pains  to  keep  the  blade  from  slipping. 

474.  Use  of  the  Tr?angle8.*  (1)  In  drawing  a  line  through 
a  point  the  comer  of  the  triangle  should  never  be  at  the  point. 
For  example,  do  not  erect  a  perpendicular  to  an  oblique  line 
by  fitting  one  edge  of  a  triangle  against  the  line  and  drawing 
the  perpendicular  along  another  edge  without  moving  the 
triangle,  but  fit  one  edge  to  the  line,  bring  the  edge  of  a  second 
triangle  or  the  edge  of  a  T-square  into  contact,  and  slide  the 
first  triangle  until  the  perpendicular  passes  through  the  point. 
Another  method  is  to  fit  the  hypothenuse  of  a  triangle  to  the 
line,  and  bringing  a  straight  edge  into  contact  with  a  second 
side,  turn  the  triangle  until  its  third  side  is  in  contact  with  the 
stationary  edge,  thus  bringing  the  hypothenuse  perpendicular 
to  the  given  line.  In  either  method,  exercise  great  care  to  keep 
the  stationary  straight  edge  from  slipping. 

(2)  By  placing  the  45°  triangle  against  the  horizontal  edge 
of  a  T-square  and  the  30°  or  60°  triangle  against  the  edge  of  the 
45°  triangle,  15°  and  75°  lines  can  be  drawn. 

(3)  In  drawing  a  line  parallel  to  a  given  line,  slide  the  tri- 
angle along  the  edge  of  the  T-square  if  the  lines  are  too  far 
apart  to  use  the  usual  combination  of  two  triangles. 

(4)  It  is  difl&cult  to  make  the  edge  of  a  triangle  pass  through 
a  point  or  coincide  with  a  line  if  that  edge  casts  a  shadow. 

♦  A  new  triangle  should  always  be  tested.  The  right  angle  may  be 
tested  by  placing  one  edge  against  the  T-square  and  drawing  a  vertical 
line  along  the  other  edge.  Turn  the  triangle  overj  placing  the  same  edge 
against  tne  T-square,  and  if  the  triangle  is  not  right-angled  the  vertical 
edge  will  not  coincide  with  the  vertical  line.  A  60°  angle  may  be  tested 
by  constructing  an  equilateral  triangle  wholly  with  the  triangle  and  T- 
square.    Similwr  t^t9  will  surest  themseWea  iQX  W  ox  ^S? , 
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Avoid  shadows  by  turning  the  drawing-board  or  by  working 
from  different  sides  of  the  board. 

475.  Use  of  the  Scale*  The  scale  commonly  used  in  map- 
ping is  the  decimal  scale.  The  form  recommended  is  the  tri- 
angular scale  in  which  the  smallest  divisions  on  the  six  sides 
are  respectively  ^,  ^,  ^,  ^,  ^,  and  ^  of  an  inch.  In  using 
the  scale  for  plotting  do  not  reduce  measurements  by  arithmetic^ 
but  read  distances  directly  from  the  scale  itself  by  changing  in 
the  mind  the  value  of  each  division  on  (ke  scale. 
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Illusiration,  The  smallest  division  on  the  upper  edge  of  the  scale. 
Fig.  475,  is  90  of  an  inch.  When  plotting  20  ft.  to  the  inch  consider  «ach 
of  these  divisions  as  representing  one  foot.  The  portion  to  the  right  of 
the  break  is  at  the  center  of  a  12-inch  scale,  and  the  ''20'*  marked  in  large 
numerals  indicates  the  number  of  divisions  to  the  inch.  On  the  lower 
scale  the  '30"  indicates  that  each  inch  is  divided  into  thirty  parts.  The 
other  four  edges  of  the  scale  not  shown  in  the  figure  are  marked  at  the 
center  10,  40,  50,  and  60  respectively. 

In  reading  the  scale  simply  add  a  cipher  to  the  nearest  number  pre- 
ceding the  point.  The  distance  in  feet  that  each  arrow  in  Fig.  475  is  m>m 
the  zero-point  is  indicated  by  the  corresponding  number. 

To  plot  100  ft.  to  the  inch  use  the  50  side  and  double  the  value  of  each 
division,  i.e.,  i^i  in.  =  2  ft.  To  plot  200  ft.  to  the  inch,  let  each  1^  in.  "4  ft.; 
300  ft.  to  the  inch,  iJW  in.  —  5  ft.,  or  ^  in. « 10  ft.,  and  so  on. 

For  additional  suggestions  for  using  the  scale  see  p.  448. 

476.  Use  of  ^he  Ruling-pen.  (1)  Never  begin  to  ink  a 
drawing  until  the  ruling-pen  can  be  rehed  upon  to  produce  a 
clear  clean-cut  line.  If  good  ink  is  used  and  the  pen  is  properly 
held,  a  ragged  line  indicates  that  the  nibs  are  not  exactly  of 
the  same  length  or  that  they  are  not  sharp.  A  nib  which  is 
too  short  or  too  dull  will  leave  its  side  of  the  line  more  or  less 
broken.  The  best  of  pens  become  dull  with  use,  and  the  drafts- 
man should  keep  his  pen  sharp. 

(2)  Hold  the  pen  almost  perpendicularly,  thumbscrew  out, 

both  nibs  pressing  evenly  on  the  paper,  and  with  the  top  in- 

clined  sitgMym  the  direction  in  which  it  is  moved.     (The  tend- 
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ency  is  to  incline  it  too  much.)  Acquire  a  certain  "touch" 
which  brings  the  pen  lightly  but  firmly  in  contact  with  the  ruUng 
edge.  Endeavor  to  get  into  the  easiest  position  in  which  to 
ink  a  line,  even  though  it  is  necessary  to  walk  around  the  draw- 
ing. In  this  way  the  ruling  edge  may  be  kept  between  the  line 
and  the  body,  so  that  in  moving  the  pen  the  tendency  is  to 
draw  it  against  the  ruling  edge  rather  than  away  from  it.  Thus 
the  pen  will  cling  to  the  edge  without  that  excessive  pressure 
which  pushes  the  nibs  together  and  causes  the  width  of  line  to 
vary.  Steady  the  hand  by  sliding  on  the  end  of  the  little 
finger.  The  pen  should  be  moved  from  left  to  right  and  should 
be  drawn,  not  pushed.  See  that  there  are  no  small  particles  of 
dust  or  lint  in  its  path. 

(3)  Adjust  the  nibs  of  the  pen  to  the  width  of  line  most  often 
used  in  map-drawing,  and  make  a  fine  scratch  across  the  milled 
head  of  the  adjusting-screw,  so  that  by  noting  the  position  of 
this  scratch  the  nibs  can  be  s^t  quickly  to  this  width  of  line 
or  to  one  either  twice  as  wide  or  half  as  wide.  When  the  pen 
is  once  set  at  the  proper  width  avoid  changing  its  nibs  until  all 
lines  of  that  width  are  inked. 

(4)  Tack  a  cloth  to  the  drawing-desk  and  clean  the  pen  fre- 
quently when  in  use  by  forcing  the  cloth  out  through  the  nibs 
without  disturbing  the  adjusting-screw.  Keep  the  pen  bright 
and  clean  when  not  in  use,  as  ink  left  to  dry  in  the  pen  will 
almost  surely  corrode  the  points. 

(a)  To  sharpen  a  pen  use  a  thin  oil-stone.  Screw  the  nibs  of  the  pen 
close  together,  and  draw  the  pen  across  the  stone  a  few  times  precisely 
as  if  drawing  lines,  but  changing  the  inclination  of  the  pen  from  one  side 
of  the  vertical  to  the  other,  so  as  to  keep  a  rounded  point.  This  will  make 
the  nibs  of  equal  length  but  duU.  Unscrew  the  nibs  and  sharpen  each  of 
them  separately  by  rubbing  its  outer  side  on  the  stone  with  a  rotary  motion, 
as  if  sharpening  a  knife,  takingcare  to  hold  the  pen  at  a  small  angle  with 
the  horizontal — almost  flat.  The  burr  on  the  mside  of  the  nibs  may  be 
removed  by  a  stroke  or  two  on  the  stone,  or  with  a  flat  file. 

477.  Use  of  Dividers.  Dividers  are  used  chiefly  for  divid- 
ing a  line  into  equal  parts  and  for  transferring  distances  from 
one  map  to  another,  or  from  one  part  of  a  map  to  another  part 
of  the  same  map.  They  shoidd  not  be  used  for  transferring  dis^ 
tances  from  scale  to  paper — a  method  both  slow  and  inaccurate. 
Whenever  possible  use  the  scale  in  preference  to  the  dividers. 

Proportional  dividers  are  used  to  transfer  measurements  to  an 
enlarged  or  reduced  scale.  Thus  if  the  measurements  are  to 
be  reduced  one  third,  the  dividers  are  adjusted  so  that  any 
distance  included  between  one  pair  of  points  la  aAwvj^  <s^^ 
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third  of  the  distance  included  between  the  pair  of  points  at 
the  other  end  of  the  dividers. 

478.  Use  of  the  Compasses.  (1)  The  leads  that  come  with 
compasses  are  often  too  soft  for  accurate  work.  Cut  off  two 
inches  or  so  of  a  6-H  pencil,  take  out  the  lead,  sharpen  it  to  a 
fine  cone-shaped  point,  and  keep  it  sharp  by  rubbing  it  fre- 
quently on  a  file  or  sand-paper. 

(2)  Adjust  the  pivot-needle  so  that  it  will  be  right  for  the 
pen  and  do  not  disturb  it  thereafter,  but  adjust  the  lead  to  the 
pivot-needle.  The  shoulder  of  the  needle-point  will  then  be  at 
the  end  of  the  pen-point  or  the  pencil-point  when  the  compass- 
legs  are  together,  and  the  pencil  alone  will  need  readjustment 
from  time  to  time  as  it  wears  off. 

(3)  Bend  the  legs  of  the  compasses  until  each  is  perpendicular 
to  the  paper  when  the  arc  is  drawn,  especially  in  inking,  for  in 
no  other  way  can  the  nibs  of  the  pen  be  made  to  bear  evenly 
on  the  paper. 

(4)  Guide  the  pivot-needle  to  place  with  a  finger  of  the  left 
hand,  be  sure  it  is  set  before  starting  the  arc,  lean  the  com- 
passes a  little  in  the  direction  of  revolution,  let  the  handle  roll 
between  the  thumb  and  forefinger,  ink  the  circle  with  one  con- 
tinuous motion,  and  stop  the  pen  at  the  end  of  one  revolution 
lest  the  line  be  made  imeven  by  further  inking. 

(5)  Use  bow-compasses  for  very  small  circles,  the  lengthen- 
ing bar  for  large  circles,  and  beam-compasses  for  circles  too 
large  to  be  drawn  with  ordinary  compasses. 

(6)  Note  that  the  directions  for  filling,  cleaning,  and  sharpen- 
mg  the  ruling-pen  apply  to  the  compass-pen  also. 

479.  Use  of  the  Curve-ruler.  (1)  It  is  assumed  that  points 
have  been  plotted  close  enough  together  to  determine  the  curve 
completely.  First  draw  the  curve  in  pencil,  using  a  hair-line 
and  noting  which  portions  of  the  curve-ruler  are  used.  Ink  in 
small  portions  of  the  curve,  keeping  the  blades  of  the  ruling- 
pen  tangent  to  the  curve  by  turning  the  handle;  as  the  curve- 
ruler  will  coincide  with  the  pencil  outline  for  a  short  distance 
only,  great  care  is  necessary  to  make  the  different  sections 
join  well.  To  insure  a  smooth  curve  it  is  well  to  let  the  edge 
of  the  ruler  coincide  with  a  small  portion  of  the  curve  beyond 
the  points  where  any  particular  section  is  begun  or  stopped. 

In  inking  narrow  ellipses,  parabolas,  and  similar  curves  with 
a  sharp  turn,  the  common  difficulty  is  to  avoid  a  slight  angular 
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break  in  the  curve  at  the  turn.  The  part  of  the  ruler  used  for 
one  side  of  the  bend  should  be  such  that  if  a  line  were  continued 
it  would  nearly  coincide  with  the  curve  for  a  short  distance  the 
other  side  of  the  bend,  so  that  when  the  ruler  is  reversed  for  the 
curve  on  the  other  half  of  the  turn  the  angular  break  referred 
to  should  not  occur.  A  small  portion  of  a  narrow  turn  can 
usually  be  drawn  better  with  the  bow-compasses  than  with  the 
curve-ruler. 

Flexible  curves  which  can  be  adjusted  to  any  curved  line, 
and  hard-rubber  splines  held  in  place  by  weights,  are  useful  for 
inking  curves,  especially  irregular  lines  and  those  of  gentle 
curvature.  These  curves  are  sold  by  dealers  in  drawing  instru- 
ments. 

480.  The  Use  of  the  Pantograph.  The  pantograph  is  an 
instrument  for  copying  drawings  to  the  same,  a  larger,  or  a 
smaller  scale.  The  theory  is  based  on  the  following  proposition: 
If  any  parallelogram  is  jointed  at  the  comers,  &a  A,  B,  C,  and  E 
(Fig.  480),  and  the  four  sides  (produced  if  necessary)  are  cut  by 
a  straight  line,  the  four  points  thus  obtained  will  continue,  to  lie 
in  a  straight  line  no  matter  how  much  the  angles  of  the  parallel- 
ogram may  be  changed.  Moreover,  the  distances  between 
these  points  will  remain  in  a  constant  ratio  to  each  other. 

In  the  pantograph,  Fig.  480,  two  of  the  sides  are  cut  by  the 
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straight  line  at  their  intersection  A,  while  the  other  two  are  cut 
at  F  and  B  respectively.  Hence  if  i^  is  fixed  and  A  is  moved 
to  any  point  as  A',  the  point  B  will  move  to  a  point  -B'  in  a 
straight  Ime  with  F  and  A\  Moreover  FA;FB;;FA';FB\ 
Hence  AA':BB'::FA;FB, 
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(a)  Ittti9tfkikPn.  SiwpoSb  the  paraUetogram  is  adjwted  at  the  pooita 
C  and  E  so  that  FB  =  2FA.  Then  if  a  point  is  moved  along  any  line  A  A' 
the  pencil  at  B  will  move  parallel  to  it  along  a  line  BB'  twice  the  lenglh 
of  AA\  It  matters  not  whether  the  line  AA  13  straight,  curved,  or  irreg^ 
ular,  and  hence  if  the  point  A  is  moved  over  any  outline  a  pencil  at  B 
will  reproduce  a  wnilar  outline  twice  as  larse.  Conversely,  il  a  pctiAt 
at  B  is  moved  over  any  outline  a  pencil  at  A  wiU  reproduce  a  similar  outline 
half  as  large.  If  it  is  made  the  fixed  point  and  either  F  or  B  is  moved  over 
any  outline  the  remaining  point  will  reproduce  a  similar  outline,  of  the 
same  size,  but  in  an  inverted  positiou. 

(5)  To  set  the  pantograph,  (1)  If  the  original  drawing  is  to 
be  enlarged,  put  the  pencil  at  B  and  the  tracing-point  at  A, 
and,  vice  versa^  if  the  drawing  is  to  be  reduced,  put  the  pencil 
at  A  and  the  tracing-point  at  .B,  (2)  Whatever  the  setting, 
remember  that  the  portion  ACDE  must  form  a  parallelogram 
and  that  F,  A,  and  B  must  lie  in  the  same  straight  line.  (3)  Vari- 
ous pantographs  have  different  systems  of  marking  the  arms 
for  purposes  of  setting.  The  best  test,  however,  is  to  measure 
the  distances  FA  and  FB,  Thus  to  enlarge  three  times,  J^^ 
must  equal  3FA;  to  enlarge  IJ  timeB,  FB^l^FA;  to  reduce 
li  times,  FB=liFA,and  so  on.  (4)  To  reproduce  exact  size, 
make  A  the  fixed  point,  and  FA=^AB.  The  pencil  may  then 
be  put  at  either  F  or  B. 
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(c)  Another  form  of  pantograph  is  shown  in  Fig,  480  (c).  Two 
sides  of  the  parallelogram  CDFE  are  cut  by  the  straight  line  at 
A  and  B,  while  the  other  two  sides  are  cut  at  J^.  These  three 
points,  therefore,  are  always  in  the  same  straight  line  and  may 
be  used  exactly  as  the  three  corresponding  points  of  the  pre- 
ceding form  are  used.  The  portions  EG  and  GA  serve  simply 
to  stiffen  the  arm  CA. 

id)  Remark.  In  both  of  the  forms  shown  one  of  the  three  woridng 
points  is  at  the  intersection  of  two  sides  of  the  parallelogram.  This  is 
by  no  means  essential  so  long  as  the  three  working  points  he  in  a  straight 
line  at  the  intersection  of  at  least  three  sides  of  the  jointed  parallelogram. 
It  is  evident  therefore  that  there  may  be  an  indefinite  number  of  diner«it 
forms  of  the  pantograph.  The  two  shown  are  inexpensive  and  are  not 
intended  for  accurate  work.  To  attain  any  considerable  degree  of  ao« 
curacy  one  of  the  expensive  metal  pantograpYia  mMsX  V»  vised. 


CHAPTER  XXXVII 

DRAFTING-ROOM  METHODS  ♦ 

In  thia^  chapter  general  directions  and  suggestions  are  given  for  pencil- 
ing and  inking,  for  mixing  inks,  for  laying  off  measurements  to  scale, 
for  section-lining,  for  tinting,  for  tracing,  and  for  making  blue-prints. 


481.  To  Fasten  the  Paper  to  the  Board.  Insert  a  tack 
in  one  comer,  make  the  paper  square  with  the  board  by  means 
of  the  T-square,  stretch  it  diagonally  across  to  the  other  comer 
and  insert  a  tack;  stretch  the  paper  diagonally  in  the  other 
direction  and  insert  tacks.  It  is  not  essential  that  the  paper 
should  be  square  with  the  board,  but  take  pains  to  stretch  it 
flat  and  smooth.  In  large  sheets  it  will  probably  be  necessary 
to  put  additional  tacks  along  the  edges.  Press  the  tacks  down 
until  the  heads  are  flush  with  the  paper,  so  that  the  T-square 
can  slide  over  them;  if  one  should  interfere  with  the  work  at 
any  time,  it  may  be  temporarily  removed. 

(a)  Note.  In  certain  kinds  of  work  the  best  results  can  be  obtained 
only  by  stretching  the  paper  while  damp.  Moisten  the  whole  sheet  with 
the  exception  of  a  half-inch  border;  secure  this  dry  border  to  the  board  with 
mucilage,  beginning  at  the  centers  of  opposite  edges  and  leaving  the  comers 
until  last;  use  a  sponge  in  smoothing  the  paper,  working  from  the  center 
out,  and  see  that  the  mucilage  is  set  before  the  body  of  the  paper  dries,  so 
that  the  latter  may  be  stretched  uniformly  by  its  own  contraction.  Cut 
the  paper  from  the  board  when  the  map  is  finished,  following  the  edges 
around  successively  in  order. 

If  possible  keep  the  paper  in  flat  sheets.  If  kept  in  rolls  it  is  more 
difficult  to  make  it  lie  smoothly  on  the  board. 

482.  Precautions  to  Insure  Neatness.  (1)  Wipe  the  tri- 
angles and  T-square  free  from  dust  before  beginning  work — 
occasionally  the  triangles  should  be  washed.  (2)  Keep  the  paper 
clean  by  frequently  applying  a  brush  or  a  cloth — after  the  eraser 
has  been  used  never  proceed  with  the  work  until  the  leavings 

*  This  chapter  is  taken  largely  from  a  similar  chapter  in  the  author's 
"An  Introductory  Course  in  Mechanical  Drawing"  (American  Book  Co.). 
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have  been  brushed  from  the  surface  of  the  paper.  (3)  After 
sharpening  a  pencil  on  sandpaper  wipe  the  lead  clean  with  a 
cloth — keep  the  sandpaper  away  from  the  drawing.  (4)  Never 
use  a  pencil  soft  enough  to  rub  or  blur. 

483.  Penciling.  (1)  Use  a  hard  pencil  and  draw  hair-lines, 
(2)  Draw  accurately  in  pencil,  for  accuracy  is  seldom,  if  ever, 
increased  in  the  inking  in.  (3)  Do  not  try  to  stop  pencil  lines 
at  exactly  the  right  place,  for  just  as  much  care  is  required  to 
make  the  ink  lines  stop  where  they  should,  whether  the  pencil 
lines  do  or  not.  It  saves  time  and  usually  makes  intersections 
and  comers  more  definite  to  let  the  pencil  lines  overrun  slightly, 
the  projecting  ends  being  erased  after  the  whole  drawing  has  been 
inked.  Likewise  draw  a  pencil  line  a  little  longer  than  the 
distance  which  is  to  be  marked  off  on  it.  (4)  It  is  often  better 
not  to  draw  a  construction  line  throughout  its  entire  length. 
For  example,  to  find  where  two  lines  intersect,  draw  an  inch  or 
so  of  one  line  near  the  estimated  point  of  intersection,  and 
simply  cross  it  with  the  other.  In  drawing  lines  to  plot  cor- 
ners of  houses  or  other  details  the  approximate  positions  of 
points  may  be  estimated  and  only  so  much  of  each  line  drawn 
as  is  really  necessary.  Many  similar  cases  occur  where  time 
would  be  wasted  and  imnecessary  erasing  caused  by  drawing 
entire  lines. 

484.  Inlcing.  (1)  As  a  rule,  do  not  begin  to  ink  until  the 
map  is  practically  completed  in  pencil.  (2)  Make  the  lines 
wide  enough  to  be  clear  and  distinct — the  tendency  with  be- 
ginners is  to  set  the  nibs  of  the  pen  too  close  together,  making 
the  lines  too  fine  and  often  ragged.  Keep  a  separate  piece  of 
paper  or  tracing-cloth  at  hand  for  testing  the  pen  to  see  if  lines 
are  of  the  right  width.  (3)  Hold  the  pen  nearly  vertical,  both 
nibs  bearing  evenly  on  the  paper.  (See  p.  440.)  (4)  Keep  the 
pen  sharp  and  in  good  condition,  so  that  it  will  begin  to  ink  a 
line  the  instant  it  touches  the  paper;  no  pressure  should  be 
required.  (5)  Do  not  ink  too  close  to  the  edge  of  the  T-square 
or  triangle,  but  place  the  ruling  edge  so  that  it  does  not  quite 
coincide  with  the  pencil  line.  When  the  line  is  inked,  remove 
the  T-square  or  triangle  by  drawing  it  away  from  the  line  to 
avoid  blotting  or  blurring.  (6)  Get  into  an  easy  position  for 
inking  each  line,  keeping  the  ruling  edge  between  the  line  and 
the  body.     (7)  Never  push  a  pen  backward  over  a  line.     It  is 

difRciilt  to  patch  up  a  ragged  line,  and  it  should  not  be  neces» 


DRAFTING-ROOM  METHODS  447 

sary  if  the  pen  is  in  proper  condition;  occasionally  it  may  be 
necessary  to  go  over  a  line  a  second  time,  but  the  pen  should 
be  moved  in  the  same  direction  as  before,  great  care  being  taken 
not  to  increase  the  width  of  line.  (8)  Ink  in  circles  and  arcs 
of  circles  first,  as  it  is  easier  to  draw  straight  lines  tangent  to 
circles  than  to  draw  circles  tangent  to  straight  lines.  (9)  Ink  in 
top  or  left-hand  lines  first  and  work  from  the  top  down  or  from 
left  to  right  to  avoid  waiting  for  lines  to  dry.  In  inking  in 
small  details,  place  one  triangle  so  that  the  lines  to  be  inked  lie 
within  the  open  space  in  the  center;  a  second  triangle  can  then 
be  laid  across  the  first  and  used  as  a  ruler  in  any  direction  with- 
out blurring  wet  lines.  (10)  When  several  lines  meet  in  a 
point,  if  possible  ink  from  and  not  towards  the  point,  otherwise 
too  much  ink  will  gather  at  the  intersection  of  the  lines.  Allow 
one  line  to  dry  before  inking  another.  The  same  precautions 
are  necessary  in  inking  acute  angles.  (11)  In  inking  wide  lines, 
as,  for  example,  a  heavy  border,  draw  several  parallel  lines  of 
medium  width  about  their  own  thickness  apart  and  fill  in  be- 
tween with  another  set  of  parallel  lines  after  the  first  are  dry. 
This  is  better  than  drawing  two  outside  lines  and  filling  in 
between  all  at  one  time — a  method  that  often  leaves  a  large 
quantity  of  ink  which  warps  the  paper  and  takes  a  long  time 
to  dry.  (12)  Finally,  while  inking  keep  the  surface  of  the 
paper  clean,  watch  for  particles  of  dust  or  lint  in  the  path  of 
the  pen,  and  clean  the  pen  frequently. 

(a)  To  mix  India-ink.  Many  draftsmen  prefer  to  mix  their  own  ink 
from  Chinese  stick-ink  when  very  fine  and  sharp  lines  are  required.  This 
is  done  as  follows:  Place  as  little  water  in  the  saucer  as  will  suffice  for 
the  amount  of  ink  required.  Rub  the  end  of  the  stick  on  the  bottom  of 
the  saucer  with  a  rotary  motion  until  the  mixture  is  of  the  desired  density. 
The  liquid  will  appear  black  before  it  really  is;  to  get  it  just  right  test  it 
in  the  inking-pen — it  should  flow  readily  and  dry  quickly;  the  resulting 
line  should  be  jet-black,  and  not  easily  erased  or  blurred  when  dry.  If 
the  line  fades  as  it  dries  add  more  ink  to  the  mixture  from  the  stick.  If 
it  lacks  the  other  desired  properties  try  another  make  of  ink.  Chinese 
inks  vary  in  quality,  but  it  does  not  follow  that  the  expensive  kinds  are 
the  best.  Try  different  sticks  until  one  is  found  which  is  satisfactory. 
Wipe  this  dry  after  using  to  prevent  it  from  crumbling,  and  it  will  last  for 
a  long  time.  Observe  the  following  precautions:  Clean  the  saucer  before 
using;  avoid  dust  or  undissolved  particles  of  ink  in  the  mixture — they 
clog  the  pen;    keep  the  mixture  covered  when  not  in  use. 

485.  Erasing.  (1)  Avoid  erasing  pencil  lines  until  the  map 
is  inked.  If  the  eraser  must  be  used,  as,  for  example,  to  correct 
the  pencil  drawing,  brush  the  surface  of  the  paper  clean  before 
doing  anything  else.  (2)  If  the  eraser  does  not  of  itself  wear 
off  fast  enough  to  keep  clean,  rub  it  occasionally  on  the  drawing- 
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board.  (3)  Avoid  erasing  across  ink  lines,  rub  in  between. 
Much  erasing  with  the  pencil-rubber  will  deaden  any  ink  line, 
destroying  the  sharp  black  effect.  (4)  In  erasing  ink  lines  use 
an  ink-eraser,  but  do  not  press  too  heavily  on  the  paper,  as  it 
injures  the  surface  for  further  inking.  For  the  same  reason  a 
knife  should  be  used  sparingly,  though  it  is  useful  for  taking  out 
short  portions  of  a  line  to  make  it  "dashed"  when  it  has  been 
inked  in  full  by  mistake,  or  for  removing  the  surface  of  a  blot 
before  applying  the  eraser.  (5)  If  the  surface  of  the  paper  has 
been  injured  in  erasing,  rub  briskly  with  a  clean  hard  substance 
until  the  paper  becomes  "polished"  and  ready  for  the  ink. 
(6)  To  erase  part  of  a  drawing  and  leave  adjacent  portions  un- 
touched, cover  the  part  not  to  be  erased  with  a  piece  of  stiff 
paper  or  a  triangle.  A  flat  piece  of  celluloid  or  cardboard  with 
a  narrow  sht  in  it  makes  an  excellent  erasing-shield  for  portions 
of  lines,  the  rubber  being  applied  through  the  slit.  (7)  A  sponge 
rubber  or  crumbs  of  wheat  bread  can  be  used  to  clean  the  draw- 
ing when  it  is  finished.  (8)  For  erasing  and  cleaning-  tracings, 
see  (12),  p.  452. 

486.  Laying  Off  Measurements  to  Scale.  (1)  Use  a 
needle  for  pricking  off  distances.  A  handle  can  be  easily  made 
of  wood  or  sealing-wax.  Make  prick-marks  small,  and  draw 
free-hand  circles  around  them,  if  necessary,  to  keep  track  of  the 
points.  (2)  Get  the  eye  opposite  the  mark  on  the  scale  before 
pricking  the  point.  (3)  Do  not  lay  off  distances  with  the  com- 
passes or  dividers  when  the  scale  can  be  used.  (4)  Avoid  arith- 
metical work;  note  what  the  smallest  division  on  the  scale  rep- 
resents, and  read  directly  from  the  scale.  (See  p.  440.)  (5)  In 
laying  off  several  successive  distances  along  a  line,  set  the  scale 
once  for  all  instead  of  moving  the  zero-point  up  each  time  to 
the  end  of  a  space  in  order  to  lay  off  the  next  space.  In  the 
latter  method  an  error  in  a  single  space  affects  all  succeeding 
spaces,  and  thus  errors  will  accumulate.  For  this  reason  it  is 
better  to  adopt  the  system  of  plus  distances  in  field  work.  (See 
note,  p.  139.)  (6)  Ordinarily  it  is  not  necessary  to  plot  a  point 
nearer  than  j^j^  in.  Hence  if  the  scale  is  100  ft.  to  the  inch, 
plot  to  the  nearest  half  foot;  200  ft.  to  the  inch,  plot  to  the 
nearest  foot,  and  so  on.  If  the  scale  is  20  or  30  ft.  to  the  inch, 
by  using  the  "40"  or  "60"  side  the  quarter  of  a  foot  may  be 
more  easily  estimated,  and  thus  distances  plotted  to  the  near- 
est  eighth  of  a  foot.     (7)  It  is  more  accurate  to  mark  off  the 
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radius  of  a  circle  on  a  straight  line  each  side  of  a  point,  and 
open  the  compasses  until  the  circumference  of  the  circle  passes 
through  the  extreme  points,  than  to  take  the  radius  directly 
from  the  scale.  (8)  Form  the  habit  of  frequently  checking 
measurements  by  the  eye — large  errors  may  be  detected  usually 
by  simple  inspection.  For  small  errors  apply  the  scale  a  second 
time  where  there  is  the  least  doubt  of  accuracy.  Other  ways 
of  applying  checks  should  suggest  themselves  to  one  famiUar 
with  similar  checks  used  in  field  work.  (See  p.  494.)  (9)  A 
common  mistake  is  to  use  one  side  of  a  triangular  scale  when 
intending  to  use  another.  A  "scale-guard",  costing  but  a  few 
cents,  will  keep  the  scale  right  side  up  and  help  to  avoid  this 
common  error. 

(a)  Method  of  laying  off  plus  stations.  No  subtraction  is  neces- 
sary. Suppose  a  station  already  plotted  is  87+20  and  it  is 
desired  to  lay  off  the  distance  to  Sta.  CO +40,  UKing  a  scale  of 
1  in.  =  100  ft.  Let  the  zero  of  the  scale  reprcGent  Sla.  87,  and 
set  the  mark  on  the  scale  which  represents  20  Tt.  from  zero  at 
Sta.  87+20  on  the  paper;  then  Sta.  88  is  at  the  first  inch, 
Sta.  89  at  the  second  inch,  Sta.  90  at  the  third  inch,  and  40  ft. 
beyond  the  third  inch  is  Sta.  90  +  40. 

A  similar  method  may  be  used  for  any  scale,  although  the  100- 
ft".  stations  will  not  fall  on  the  inch-marks  to  any  other  scale. 
Thus  if  1  in.  =  200  ft.,  the  100-ft.  stations  fall  at  the  half-inch 
marks.  If  1  in.  =  30  ft.,  Sta.  88  in  the  alx>ve  illustration  would 
fall  at  the  point  on  the  30  scale  marked  10  (see  p.  440),  Sta.  89 
at  20,  and  Sta.  90  at  30. 

487.  Section-lining.  (1)  As  a  rule  draw  the  section-lines 
at  45°  and  from  ^  in.  to  J  in.  apart — the  larger  the  area  covered 
the  farther  apart  the  lines.  (2)  Make  the  section-lines  finer 
than  ordinary  lines,  usually  about  as  fine  as  the  pen  will  draw. 
Ink  slightly  thinned  best  serves  the  purpose.  The  common 
tendency  is  to  make  section-lines  too  heavy  and  too  close 
together.  (3)  Do  not  draw  the  lines  in  pencil.  A  draftsman 
should  be  able  to  draw  the  lines  in  ink,  making  the  distances 
apart  equal  by  the  eye  alone,  but  the  use  of  one  of  the  standard 
section-liners  lessens  the  strain  on  the  eyes  and  is  a  surer  method 
of  securing  a  imiform  appearance. 

488.  Tinting.  (1)  Water-colors  are  used  in  tinting  maps. 
To  mix  the  tint,  place  as  much  water  in  the  saucer  as  will  suffice 
for  the  amount  of  tint  required.    Transiet  \,m\.  ItoTCLXJoa  t-aJ^fe 
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to  the  water  with  a  brush,  or  rub  the  cake  on  the  finger-end 
held  in  the  water  until  the  mixture  is  of  the  required  density. 

NoU.  Use  a  camel-hair  or  sable  brush  similar  to  Keuffel  and  Esser^s 
No.  3121-14.  A  nest  of  saucers  for  mixing  different  tints  will  prove 
convenient. 

(2)  The  surface  to  be  tinted  must  be  clean.  Avoid  as  far  as 
possible  all  pencil  lines  within  the  area  to  be  tinted:  if  drawn 
and  not  erased  they  can  be  seen  through  the  tint;  if  they  are 
erased  the  surface  of  the  paper  is  often  injured  and  a  smooth, 
even  wash  cannot  be  laid  on.  It  is  well  to  tint  before  inking; 
if  the  drawing  is  inked  first,  water-proof  ink  must  be  used.  The 
paper,  of  course,  should  be  stretched  flat  and  tight  on  the 
board — if  necessary  the  edges  may  be  glued  (see  p.  445). 

(3)  Raise  the  rear  of  the  board  slightly  so  that  the  surface 
will  be  sloping — if  the  top  of  the  drawing-table  cannot  be  in- 
clined, block  up  the  board.     Fill  the  brush  from  the  surface  of 
the  tint  to  avoid  specks  in  the  bottom  of  the  saucer.    Small  par- 
ticles of  coloring-matter  transferred  to  the  paper  will  dissolve 
and  leave  small  blots.     Apply  the  brush  moderately  full  of 
tint  to  the  upper  left-hand  comer  of  the  area  and  draw  towards 
the  right.    This  should  leave  a  ''pool"  of  tint  extending  across 
the  area.     This  pool  should  contain  enough  tint  so  that  it  will 
almost  but  not  quite  run  down  the  paper  of  itself.     The  secret 
of  success  is  to  coax  this  pool  down  the  paper,  keeping  it  mov- 
ing constantly  by  applying  the  brush  back  and  forth  from  side 
to  side,  not  allowing  the  pool  to  stand  in  one  place  longer  than 
in  another.     The  pool  must  be  kept  full  by  adding  tint  from 
time  to  time  with  the  brush.     The  tint  miLst  not  he  painted  on; 
it  is  not  even  necessary  to  touch  the  brush  to  the  paper.    The 
whole  operation  must  be  done  rapidly;   it  is  better  to  let  the 
brush  overrun  a  little  outside  the  outline  than  to  spend  so  much 
time  on  the  edges  that  tint  on  the  interior  soaks  in  or  dries  in 
streaks.     The  tint  outside  the  boundary-line  can  be  removed 
when  thoroughly  dry  by  covering  the  portion  not  to  be  erased 
with  a  shield  and  using  a  pencil-eraser.    In  laying  on  the  wash 
do  not  go  over  the  same  place  twice  to  "touch  it  up";  it  will 
usually  make  it  worse.    When  the  pool  reaches  the  bottom  of 
the  area,  squeeze  the  brush  comparatively  dry,  and  use  it  like 
a  sponge  for  taking  up  the  surplus  tint,  working  rapidly  and 
drawing  the  brush  frequently  between  the  finger  and  thumb  to 

discharge  the  tint.    The  whole  surface  should  now  have  a 
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uniform  flat  tint,  free  from  streaks.  (4)  Better  results  may 
often  be  obtained  by  first  going  over  the  surface  with  clean 
water  exactly  as  in  tinting.  When  the  surface,  held  towards 
the  light,  ceases  to  glisten,  begin  to  lay  on  the  tint.  The  work 
can  be  done  a  little  more  leisurely  and  carefully  than  if  the 
surface  were  dry,  since  the  tint  is  not  absorbed  so  quickly  by 
the  paper  and  therefore  dries  more  slowly  and  evenly.  If,  on 
the  other  hand,  the  paper  is  too  wet  the  tint  will  run.  (5)  If 
a  deep  or  very  dark  tint  is  desired,  it  is  better  to  put  on  several 
successive  layers  of  a  lighter  shade,  waiting  each  time  for  the 
preceding  one  to  dry,  than  to  attempt  a  single  dark  tint  at 
first.  The  tendency  is  to  make  the  colors  on  maps  too  deep 
and  striking. 

489.  Tracing;.  (1)  Draftsmen  dijGfer  as  to  whether  the  trac- 
ing should  be  made  on  the  rough  or  smooth  side  of  the  cloth. 
If  much  penciling  is  to  be  done  directly  on  the  cloth,  the  rough 
side  is  preferable.  It  is  easier  to  draw  clean-cut  lines  on  the 
smooth  side  and  it  is  also  easier  to  erase  them  if  necessaiy, 
though  erasures  are  more  noticeable  than  on  the  dull  fflde. 
Tracings  will  not  curl  or  roll  up  to  such  an  extent  if  ink  lines 
are  on  the  dull  side,  but  blue-prints  will  be  slightly  clearer  if 
the  lines  are  on  the  smooth  side.  When  different  portions  of 
the  map  are  to  be  colored  with  crayon  pencils,  the  ink  lines 
should  be  on  the  glazed  side  and  the  crayon  rubbed  on  the  back 
or  imglazed  side.  (See  p.  507.)  (2)  Tear  off  a  strip  about  half 
an  inch  wide  from  each  of  the  two  finished  edges  of  the  tracing- 
cloth  and  then  pin  it  down,  stretched  tight  and  smooth  as-pos- 
sible. (3)  Sprinkle  the  surface  with  powdered  chalk,  and  rub 
it  off  with  a  cloth.  This  is  necessary  to  make  the  tracing-Kiloth 
take  the  ink,  especially  if  working  on  the  glazed  side.  Specially 
prepared  chalk  in  a  box  with  perforated  cover  may  be  had 
from  dealers,  but  dust  scraped  from  ordinary  school  crayon 
answers  the  purpose.  (4)  Make  sure  that  the  ruling-pen  is 
sharp — it  is  more  important  than  ever  that  the  pen  should  be 
in  good  condition.  (See  p.  441.)  (5)  Lines,  letters,  and  fig- 
ures should  be  made  slightly  heavier  on  tracing-cloth  than  on 
drawing-paper,  in  order  that  the  blue-print  may  be  clear.  It 
is  not  unusual  to  find  a  beginner  carefully  putting  on  almost 
microscopic  figures  with  a  crow-quill  pen.  Such  fine  work 
practically  disappears  on  the  blue-print.  Figures  above  every- 
thing else  should  be  bold  and  clear  ^  since  the^  e^uxvxvcA.  \ife  ^afc^-^^ 
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at.  (6)  Erasures  should  be  made  very  carefully,  using  a  sharp 
knife  or  hard-rubber  ink-eraser  to  start  with  and  finishing  with 
a  Boft-rubber  pencil-eraser;  too  much  erasing  wears  a  hole 
through  the  cloth.  After  erasing,  the  smooth  surface  should 
be  restored  before  inking  by  rubbing  with  soapstone,  otherwise 
the  ink  is  likely  to  spread  or  blot.  Many  ex]>ert  draftsmen 
prefer  pumice-powder  for  making  erasures  on  the  glazed  side 
of  the  cloth.  Dip  the  finger  into  the  powder  and  rub  over  parts 
of  the  drawing  which  are  to  be  erased,  replacing  the  discolored 
powder  at  frequent  intervals  until  a  perfectly  clean  surface  is 
obtained.  Of  course  a  rubber  may  be  used  in  place  of  the 
finger.  The  advantages  of  this  method  are :  It  is  quick,  erasures 
are  less  noticeable,  and  the  surface  is  left  in  good  condition  for 
inking.  Many  draftsmen  claim  that  pumice-powder  if  vigor- 
ously applied  is  better  than  prepared  chalk  for  preparing  the 
surface  of  tracing-cloth  to  take  sharp  unbroken  lines,  and  that 
in  addition  the  gloss  is  so  effectually  removed  that  pencil  lines 
for  alterations  may  be  readily  drawn  on  the  glazed  side.  (7)  If 
a  considerable  area  of  a  tracing  needs  to  be  altered,  it  is  possi- 
ble to  cut  out  a  portion  of  the  cloth  and  insert  a  new  piece  in 
its  place,  gluing  the  comers  or  edges.  This  can  be  done  very 
neatly.  (8)  Tracing-cloth  is  very  susceptible  to  moisture,  and 
if  left  on  the  board  for  more  than  a  day  is  liable  to  become 
rujQJed  and  uneven  from  expansion.  All  important  lines,  there- 
fore, should  be  traced  the  same  day,  if  possible.  (9)  If  tracing- 
cloth  is  of  poor  quality,  the  ink  is  liable  to  strike  through  and 
spread;  such  cloth  is  useless  for  tracing.  (10)  Red  ink  and 
colored  inks  in  general  do  not  give  pure-white  lines  on  blue- 
prints, but  they  are  used  for  dimension  lines  and  other  portions 
of  a  drawing  which  it  is  desirable  to  render  less  prominent. 
Never  use  anything  but  black  ink  for  dimensions  themselves 
or  for  other  important  data  on  a  map.  (11)  Tracing-paper  is 
often  used,  and  is  very  satisfactory  though  less  durable  than 
cloth.  Water-proof  ink  is  best  for  drawing  on  either.  (12)  To 
clean  a  tracing,  rub  the  surface  with  a  cloth  saturated  with 
naphtha  or  gasoline  (benzine).  This  will  remove  pencil  marks 
and  dirt  without  injuring  the  cloth  or  affecting  ink  lines  if  the 
ink  is  water-proof.  It  is  an  excellent  method  also  of  freshening 
the  color  of  old  and  much-handled  tracings. 

Remark.     Do  not  allow  water  to  touch  the  tracing — a  single  drop  will 
make  a  spot  which  will  show  in  the  blue-print.     Ink  lines  may  be  eniirely 
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removed  from  spoiled  or  useless  tracings,  however,  by  soaking  or  boiling 
the  cloth  in  water,  leaving  a  clean  white  linen  which  is  us^ul  for  many 
purposes  in  the  office. 

490.  Blue-printing.  (1)  Trim  as  many  sheets  of  blue-print 
paper  as  there  are  prints  required,  each  sheet  slightly  larger 
than  the  tracing,  but  not  too  large  to  go  inside  the  frame. 
Keep  the  sheets  away  from  the  b'ght.  (2)  Turning  the  frame 
until  the  glass  side  is  down,  remove  the  back  boards  and  the 
pads.  (3)  Put  the  tracing  in  the  frame  with  the  ink  lines  next 
to  the  glass.  ^4)  Place  the  blue-print  paper  with  the  yellow  or 
sensitized  side  next  to  the  tracing.  (5)  Insert  the  pad,  taking 
pains  to  make  the  tracing  lie  flat,  and  insert  the  back  boards. 
(6)  Turn  the  frame  over;  make  sure  that  the  tracing  is  free 
from  wrinkles,  and  that  the  mk  lines  are  next  to  the  glass — if 
they  are  not  words  and  numbers  will  read  backward.  (7)  Ex- 
pose squarely  to  the  sun,  making  sure  that  no  shadows  fall 
across  the  glass.  (8)  After  exposure,  remove  the  paper  and 
wash  thoroughly  in  water  imtil  the  greenish  solution  entirely 
disappears.  (9)  Allow  the  paper  to  soak  for  at  least  ten  min- 
utes— ^twenty  is  better — and  then  hang  it  up  to  dry. 

(a)  Practical  suggeationa.  (1)  The  length  of  time  required  for  ex- 
posure varies  for  different  kinds  of  blue-print  paper.  In  a  bright  sun 
with  quick  paper  from  20  to  30  seconds  will  suffice;  for  medium  paper 
one  to  three  minutes;  for  slow  paper  from  three  to  six  minutes.  The 
safest  way  is  to  test  a  new  roll  by  exposing  small  strips  until  the  correct 
time  is  ascertained.  The  same  test  should  be  made  when  it  is  cloudy, 
or  when  the  paper  is  not  exposed  to  the  direct  sunlight,  for  of  course  the 
weaker  the  light  the  longer  the  exposure.  In  an  under-exposed  print 
the  blue  will  be  too  light;  in  an  over-exposed  print  the  blue  will  be  too 
dark  and  the  lines  will  appear  bluish  instead  of  pure  white.     (2)  To  get  a 

f3od  print  it  is  important  to  keep  hairs  and  specks  from  being  reproduced, 
he  stray  hairs  from  the  felt  should  be  carefully  dusted  from  the  glass. 
The  paper  and  the  tracing  should  be  in  perfect  contact,  pressed  smooth 
and  flat  against  the  glass.  If  wrinkles  appear  when  the  frame  is 
turned  over,  take  the  back  boards  out  and  fix  the  tracing-cloth.  Some- 
times the  trouble  is  caused  by  too  weak  or  too  short  springs  on  the  back 
boards  or  by  too  thin  a  pad  between  the  back  boards  and  the  paper.  (3) 
Blue-print  paper  may  be  exposed  to  the  light  in  an  ordinary  room  for 
several  minutes  without  being  affected,  but  it  should  not  be  subjected  to 
strong  light  through  a  window.  It  is  safer,  especially  with  very  sensitive 
papers,  to  pull  the  window-shade  down  and  work  in  subdued  light  while 
placing  the  paper  in  the  frame.  (4)  In  washing  the  print  make  sure 
that  it  is  completely  immersed,  and  move  it  back  and  forth  or  splash  water 
over  it  so  that  the  chemicals  will  be  removed  from  all  parts  of  the  paper 
as  quickly  as  possible.  (5)  Keep  the  tracing  where  no  water  can  spatter 
on  it,  and  do  not  handle  it  with  moist  fingers.  A  drop  of  moisture  on 
the  cloth  will  make  a  spot  which  cannot  be  taken  out,  and  which  will 
show  in  every  subsequent  print.  (6)  Keep  blue-print  paper  in  a  dark 
dry  place  until  wanted  for  use;  it  must  be  fresh  to  get  the  best  results; 
with  old  paper  the  lines  will  be  gray  instead  of  white.  (7)  Various  white- 
ink  mixtures  and  bleaching  solutions  are  used  for  making  corrections  on 
blue-prints;  a  solution  of  quicklime  and  water,  well  shaken,  is  fairly 
satisfactory.  White  lines  may  also  be  obtained  by  using  Chinese  white 
water-color,  and  red  lines  by  using  scarlet- vermilion  water-color  (see  537  Co-N, 
p.  507).  To  obliterate  white  lines  or  figures  goovex  tVieitt.V\\>ct«u\i\Vkfe^«CkR:^. 
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NUe.  Print-frames  can  be  purchased  from  dealers  in  engineers*  sup- 
plies. Spring  clips  like  Keu£fel  and  Esser's  No.  249-3  are  useful  for  hanging 
up  prints. 

(6)  To  prepare  blue-print  paper.  Prepared  paper  for  blue-prints  can 
be  purchased  in  rolls  of  different  widths  at  such  a  low  price  and  of  such 
excellent  quality  that  it  hardly  pays  to  prepare  it  for  oneself,  unless  a  large 
quantity  is  required.  If  it  is  desirable,  however,  to  make  it,  the  chemic»us 
may  be  used  in  the  following  proportions: 

1  oz.  (weight)  prussiate  of  potash  in  5  oz.  water; 

1  oz.  (weight)  citrate  of  iron  and  ammonia  in  5  oz.  water. 

These  two  solutions  may  be  prepared  separately  in  the  light,  but  they 
should  be  mixed  (in  equal  parts)  in  subdued  light  or  in  a  darkened  room. 
Apply  an  even  coating  to  one  side  of  hard  white  paper  with  a  soft  sponge 
or  a  broad  thin  brush  and  hang  the  paper  up  to  dry.  The  proportions  of 
the  chemicals  in  the  blue-print  mixture  may  be  varied  considerably  with- 
out  any  effect  except  to  change  the  time  required  for  exposure;  the  largw 
the  proportion  of  citrate  of  iron  and  ammonia  the  quicker  the  paper. 

Blue-print  cloth  may  be  prepared  in  the  same  way  as  blue-prmt  paper. 

491.  Brown  solar  paper  is  a  process  paper  for  making  positive 
prints,  i.e.,  dark  lines  on  a  white  background.  The  process  is 
similar  to  blue-printing,  except  that  the  tracing  is  used  to 
print  a  negative  on  the  solar  paper,  and  this  negative  is  used 
to  make  positive  prints  on  either  solar  or  blue-print  paper. 

(a)  To  make  the  negative  place  the  tracing  in  the  frame  with  the  ink 
lines  against  the  process-paper  instead  of  against  the  glass.  Expose  until 
the  paper  which  projects  from  underneath  the  tracing  is  a  dark  tan 
color;  this  will  take  from  2  to  5  minutes  in  bright  sunlight  in  summer, 
nearly  twice  as  long  in  winter.  Wash  for  at  least  5  minutes  in  clear  water 
and  then  immerse  in  a  fixing-bath  composed  of  2  oz.  of  hyi>osulphite  of 
soda  to  one  gallon  of  water.  The  negative  should  be  left  in  the  bath  just 
long  enough  for  the  lines  to  become  white  and  the  background  a  dark 
brown;  if  left  too  long  it  may  become  mottled.  Some  prefer  to  appiv 
the  fixing  solution  with  a  brush,  especially  if  only  a  few  prints  are  desired. 
After  the  negative  is  fixed  it  must  be  washed  thoroughly  to  avoid  "hypo" 
stains;  let  the  print  soak  in  clean  water  for  at  least  20  minutes — running 
water  is  desirable  though  by  no  means  essential.  Hang  the  negative  up, 
and  when  it  is  practically  dry,  roll  it  tightly  on  a  small  round  stick  (sudi 
as  comes  in  a  roll  of  tracing-cloth),  so  that  the  paper  negative  will  be 
smooth  for  printing  purposes.  Any  number  of  prints  can  now  be  made 
from  this  negative,  while  the  tracing  can  be  filed  away  and  kept  in  gcxxl 
condition,  one  advantage  of  this  process.  If  a  large  number  of  positive 
prints  are  required  more  than  one  negative  can  be  made,  so  that  several 
positives  can  oe  printed  at  the  same  time,  another  advantage. 

(&)  To  make  yoeitive  prints  place  the  negative  in  the  frame  with  the 
brown  side  next  to  the  sensitized  side  of  the  printing-paper,  not  against 
the  glass.  To  make  blue-prints  proceed  exactly  as  outlined  in  Art.  490, 
except  that  the  negative  is  used  in  place  of  the  tracing,  the  result  being 
blue  lines  on  a  white  background.  By  using  solar  paper  instead  of  blue- 
print paper,  brown  lines  on  a  white  background  may  be  obtained,  but  these 
prints  must  be  treated  with  a  fixing  solution  as  explained  above.  In  either 
case  corrections  in  pencil  or  ink  can  be  made  on  the  white  background, 
another  advantage  as  compared  with  ordinary  blue-process  paper.  Cor- 
rections on  the  negative  itself  may  be  made  by  blocking  out  unnecessary 
lines  with  black  ink  or  by  inserting  white  lines  by  means  of  a  bleaching 
solution  furnished  by  the  maker. 


CHAPTER  XXXVIII 

METHODS   OF  PLOTTING   ANGLES 

FiVR  methods  of  plotting  angles  are  given  in  this  chapter.     The  use  of 
these  methods  in  plotting  maps  is  explained  more  fully  in  the  next  chapter. 


492.  Five  Methods  of  Plotting  Angles.  (1)  By  the  pro- 
tractor. (2)  By  the  tangent  of  the  angle.  (3)  By  the  cosine  and 
sine  of  the  angle.  (4)  By  the  chord  of  the  angle.  (5)  By  lati^ 
tudes  and  departures  or  coordinates, 

493.  Tlie  Protractor  Metliod.  There  are  various  forms  of 
protractors  in  common  use.  With  the  ordinary  form,  angles 
are  laid  off  as  follows:  (1)  Place  the  center  of  the  protractor 
exactly  at  the  point  which  is  to  be  the  apex  of  the  required 
angle,  and  at  the  same  time  make  the  zero-point  fall  on  the 
given  line  so  that  the  line  from  the  center  of  the  protractor  to 
the  zero-point  will  coincide  with  one  side  of  the  required  angle. 
(2)  To  get  the  other  side,  follow  around  the  circular  edge  of  the 
protractor  the  required  number  of  degrees  and  minutes  from 
zero,  and  make  a  fine  dot.  (3)  Draw  a  line  through  this  dot  to 
the  apex.  If  there  are  several  angles  to  be  laid  off  from  the 
same  hne,  make  all  the  dots,  if  possible,  before  removing  the 
protractor  to  draw  the  hnes. 

(a)  Practical  Hints.  (1)  Make  sure  of  the  exact  center  of  the  protractor 
once  for  all,  by  means  of  the  following  test.  With  a  triangle  ana  T-square 
or  with  hair  dividers  construct  on  paper  two  in- 
tersecting lines  exactly  perpendicular  to  each 
other.  Place  the  protractor  so  that  the  0°  and 
the  180"  are  on  one  line  and  the  90°  on  the 
other.  Observe  carefully  what  point  of  the  pro- 
tractor coincides  with  the  intersection  of  the  two 
lines.  This  test  should  always  be  made  when 
using  any  protractor  for  the  first  time.  In  some 
of   the  semicircular   protractors    the    center    is  Fig.  493  (a). 

marked  by  a  nick,  the  bottom  of  which  is  often 

mistaken  for  the  center.     The  correct  and  incorrect  points  are  shown  in 
Fig.  493  (a).  ,  .      ,        , 

(2)  Accuracy  depends  largely  on  the 
correct  centering  of  the  protractor.  Thus 
iS  in  Fig.  493  (6)  an  angle  is  to  be  laid  off 
at  B  from  a  line  AB,  produce  ^4.5  so  that  /  >C  \  \  / 

the  180°  mark  can  be  used  in  centering  the     A (^  f  \Q      \^\ A 

protractor. 

(3 )  On  most  protractors  there  are  two 
rows  of  numbers,  the  second  increasing  from 
0°  to  180°  counter-clockwise  for  use  in  lay- 
ing off  angles  to  the  left. 


456 


METHODS  OF  PLOTTING  ANGLES 


(4)  There  are  three  methods  of  laying  off  an  angle  greater  than  180**, 
viz.:  1.  Subtract  180°  from  the  angle,  lav  off  the  result  in  the  usual  man- 
ner, and  produce  the  line  thus  obtained  through  the  center.  For  example, 
to  plot  220°,  mark  off  40°  clockwise,  as  shown  in  Fig.  493  (6),  and  produce 
the  line  thus  obtained  through  B. '  2.  Subtract  180°  from  the  angle,  place 
the  protractor  on  the  opposite  side  of  the  line,  and,  considering  180°  of  the 
angle  to  have  been  plotted  by  simply  producing  the  given  line,  plot  the 
remainder  with  the  protractor.  3.  Invert  the  protractor  as  in  the  pre- 
ceding method,  but  plot  360*  minus  the  angle  backward.  This  last  method 
involves  subtracting  degrees  and  minutes,  and  hence  mistakes  are  more 
likely  to  occur  than  if  either  of  the  first  two  methods  are  used* 

(6)  Remark.  The  ordinary  protractor  is  seldom  divided  more  finely  than 
quarter  degrees,  and  hence  anything  less  than  15  minutes  must  be  esti- 
mated. Some  of  the  expensive  vernier  protractors  read  to  minutes,  but 
the  difficulty  in  plotting  to  such  a  degree  of  precision  is  in  properly  center- 
ing the  protractor.  Moreover,  unless  the  circular  arc  on  the  i^rotractor  is 
large,  errors  are  likely  to  occur  which  render  it  nearly  impossible  to  plot 
to  minutes  with  any  certainty. 


Fig.  493  (c). 

(c)  Another  form  of  protractor  is  shown,  much  reduced 
in  size,  in  Fig.  493  (c).  (On  an  actual  protract  )r  the  circle  is 
subdivided  to  degrees  and  quarter  degrees,  but,  on  accoimt  of 
the  small  size  of  the  cut,  these  subdivisions  are  not  shown  in 
the  figure.)  There  are  similar  protractors  on  the  market,  but 
many  draftsmen  prefer  to  make  their  own  as  follows:  (1)  Pur^ 
chase  a  full  circle  Bristol  board  protractor  about  14"  in  diani' 
eter.  Rule  lines  between  0°  and  180°,  and  between  90®  and 
270°,  thus  getting  the  exact  center.  (2)  Along  the  first  of 
these  lines  construct  a  scale  1"=50  ft.,  or  1"=40  ft.,  or  what- 
ever scale  is  to  be  used  in  plotting.  The  zero  of  the  scale  is  at 
tl2e  center  of  the  protractor,  the  numbers  increasing  outward 


METHODS  OF  PLOTTING  ANGLES  457 

in  either  direction.  (3)  Number  the  ten-degree  marks  as  shown 
in  the  figure.  (4)  Cut  the  circular  protractor  in  two  parts  along 
the  line  from  0°  to  180°,  leaving,  however,  a  small  V-shaped 
point  about  i"  deep  as  shown  in  the  figure.  Better  results  may 
be  obtained  by  cutting  clear  across  with  a  machine  such  as  all 
bookbinders  have;  then  cut  a  small  depression  in  the  board, 
under  the  center,  half-way  through  the  back,  and  gum  a  thin 
piece  of  celluloid  into  it  to  form  the  V.  The  celluloid  may  be 
notched  slightly  to  receive  the  needle  about  which  the  pro- 
tractor revolves. 

(jd)  To  use  the  paper  protractor.  Let  it  be  required  to  draw  a 
line  CB,  160  ft.  long,  and  making  an  angle  of  20°  clockwise  with 
CA,  Produce  AC  to  A',  stick  a  very  fine  needle  at  the  point 
C,  bring  the  corner  of  the  protractor  (center)  against  the 
needle,  turn  the  protractor  until  the  20°  mark  (outermost  row) 
is  on  the  line  CA\  and  mark  B  opposite  160. 

For  an  angle  over  180°  use  the  middle  row.  Thus  the  same 
setting  as  above  gives  ACD  200°  clockwise ,  and  a  point  D  any 
distance,  say  220  ft.,  from  C. 

If  angles  counter-clockwise  up  to  180°  are  desired,  use  the 
innermost  row.  Thus  the  same  setting  gives  ACD  counter- 
clockwise  =  160°. 

(c)  Remark.  This  form  of  protractor  is  exceedingly  useful  in  plotting 
details  where  a  large  number  of  angles  and  distances  are  laid  ofif  from  the 
same  point,  for  it  serves  both  as  protractor  and  scale.  It  is  necessary, 
however,  to  construct  a  separate  protractor  for  each  different  scale,  but 
this  is  not  a  serious  drawback,  since  in  ordinary  work  less  than  half  a  dozen 
scales  are  commonly  used. 

Notice  that  the  required  side  of  the  angle  is  always  found  along  the 
straight  edge  of  the  protractor.  The  fact  that  this  straight  edge  is  used 
as  a  scale  offsets  the  disadvantage  of  resetting  the  protractor  for  each 
an^. 

(/)  Practical  suggestions.     (1)   Fine  hair  lines  should  be  ruled  for  the 
scale.     Do  not  cut  the  Bristol  board  in  two  until  these  lines  have  been 
penciled    and  inked,  if  it  is  desired  to  ink  them.     Make  the  lengths  of 
marks   correspond    to    those    on    a    regular    scale. 
(Seep.  440.)     (2)  If  only  clockwise  angles  are  to  be 
plotted,  it  is  better  to  omit  the  innermost  row  of 
numbers,  otherwise  print  them  in  red  ink  to  avoid 
confusion  with  the  other  two  rows  which  may  be 

Erinted  in  black.  If  counter-clockwise  angles 
irger  than  180°  are  to  be  plotted,  a  fourth  row  of 
numbers  may  be  added.  (3)  Instead  of  sticking 
a  needle  into  the  paper  it  is  better  to  construct  a 
goose-neck  device  like  that  shown  in  Fig.  493  (/), 
the  space  between  the.  needle-point  and  the  weight 
being  large  enough  to  permit  the  protractor  to 
revolve.  The  needle-point  just  touches  the  paper, 
and  can  be  moved  to  any  desired  position  by  sim- 
ply sliding  the  goose-neck.  The  device  is  easily  FiG.  493  (f). 
made  of  brass  tubing,  filled  with  lead  ^ust  over  the 
center  to  increaae  its  stability,  and  with  a  wooden  p\\iiL  ^  \uo\^  ^^  w^r^^. 
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494.  The  Tangent  Method  is  a  trigonometric  method  based 
upon  the  fact  that  in  any  right-angle  triangle  the  haseXtangent^^ 
perpendicular.  The  steps  are  as  follows:  (1)  Mark  off  on  the 
given  side  of  the  angle,  beginning  where  the  apex  is  to  be,  a 
base  of  any  convenient  length,  say  8"  or  10"  or  12",  and  at 
the  end  of  the  base  erect  a  perpendicular  extending  toward  the 
required  side  of  the  angle.  (2)  In  a  table  of  natural  tangents 
look  up  the  tangent  of  the  required  angle  and  multiply  this 
tangent  by  the  length  of  the  base,  8"  or  10"  or  12"  as  the  case 
may  be.  (When  there  is  room  the  base  is  usually  made  ten 
inches  so  that  the  multiplication  can  be  performed  by  changing 
the  decimal  point  one  place  to  the  right.)  (3)  Mark  off  the 
niunber  of  inches  obtained  from  (2)  on  the  perpendicular  erected 
in  (1)  and  join  the  point  thus  found  with  the  apex. 

(a)  When  an  angle  is  much  over  45®  the  tangent  becomes 
too  long  and  the  complement  of  the  angle  is  plotted  instead  of 
the  angle  itself.  If  the  angle  is  a  little  over  90°,  plot  90°  of  it 
by  erecting  a  perpendicular  and  the  balance  by  the  tangent 
method,  %ising  the  perpendicular  as  a  base.  In  a  similar  man- 
ner any  large  angle  can  be  plotted  by  laying  off  a  portion  of  it 
either  by  erecting  a  perpendicular  to  the  given  line  or  by  pro- 
ducing that  line,  so  that  the  part  of  the  angle  remaining  to  be 
plotted  by  the  tangent  method  is  less  than  45°. 

F 


Required  Angle 

BAC  =  34°  TXy 
BAD=  70°  4^ 
BAE  =  120°  58' 


FGH 
FGK 


157°  42' 
206°  09' 


JfAr0^249'*  08' 


Fig.  494. 

Angle  Plotted  Tangent 

BAC =34°  20'  0.683 

5'AD=  90°-70°  49'  =  19°  11'  0.348 

5'AE  =  120°  58'-90°  =  30°  58'  0.600 

F'Gi/=180°-157°  42' =22°  18'  0.410 

F'GK  =  206°  09'  -  1 80°  =  26°  ^  0.491 

Jif 'iSTO  =  270°  -  249°  08'  -  20°  52'  0.381 

Af 'NP  =SOr  2fi' -  270°  =31°  26'  0.611 
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The  above  examples  indicate  how  the  method  is  used.  Notice  that  in 
every  case  except  the  first  the  angle  actually  plotted  was  not  the  required 
angle,  but  the  amallest  an^le  that  could  be  found  with  the  requirea  side 
either  by  producing  the  given  side  or  by  erecting  a  line  at  right  angles 
to  it. 

(a)  Practical  tuggestions.  (1)  The  accuracy  of  this  method  depends 
very  largely  upon  the  correct  laying  ofif  of  perpendiculars.  If  a  triangle  is 
used  it  should  be  tested  for  its  right  angle.  (See  p.  430.)  In  using  the  tri- 
angle to  erect  a  perpendicular  it  is  better  to  resort  to  one  of  the  sliding 
methods  (p.  430)  than  to  depend  on  fitting  two  sides  of  one  triangle  to  a 
90**  angle.  A  steel  square,  however,  mav  be  used  in  that  way,  and  ia 
preferable  to  a  triangle,  but  it  also  should  be  tested. 

(2)  The  inches  laid  ofif  for  the  base  and  perpendiculars  are  of  course 
real  inches  and  not  to  any  scale.  As  scales  are  not  usually  divided  to  hun- 
dredths of  an  inch,  use  the  side  with  fiftieths.  Thus  in  the  first  illustra- 
tion 83  hundredths  equals  41  ^  fiftieths. 

(3)  If  there  is  not  room  for  a  10"  base  or  its  corresponding  tangent,  use 
a  shorter  base,  say  5"  or  8",  hut  be  sure  to  use  the  corresponding  length  for 
the  perpendicular.  Within  reasonable  limits,  however,  the  longer  the  base 
the  more  accurate  will  be  the  angle,  hence  a  20"  base  is  sometimes  used. 

(4)  After  plotting  an  angle  by  the  tangent  method  always  check  it  roughly 
with  the  protractor. 

(5)  If  an  angle  is  known  to  be  wrong  and  no  mistake  can  be  found  in  the 
work,  plot  the  angle  over  again,  using  a  new  length  of  base  and  its  corre- 
sponding length  of  perpendicular.  In  addition  it  may  be  well  to  plot 
from  some  other  direction,  i.e.,  plot  the  complement  or  supplement  of  the 
angle  if  possible,  thus  using  an  entirely  different  base  line.  This  is  usually 
equivalent  to  checking  by  measuring  the  cotangent. 

(6)  This  same  method  can  be  used  in  the  field  for  laying  off  angles  with 
the  tape.     Measurements  are  then  in  feet  instead  of  in  inches. 

495.  The  Cosine  and  Sine  Method  is  practically  a  modi- 
fication of  the  tangent  method.  The  cosine  of  an  angle  is  laid 
off  as  a  base,  and  the  sine  as  the  perpendicular.  The  hypothe- 
nuse  is  then  unity — a  useful  check. 

Illustration.  To  plot  34°  20'.  Cosine  =0.826,  sine =0.564.  Lay  off  8.26 
inches  as  a  base  and  5.64  inches  as  a  perpendicular.  Check  by  seeing  if 
the  hypothenuse  is  exactly  10  inches. 

Nrte.  When  an  angle  is  much  larger  than  45°  its  complement  or  its 
supplement  may  be  plotted  as  in  the  tangent  method.  Most  of  the  prac- 
tical suggestions  given  for  the  tangent  method  apply  to  this  method  also. 

496.  The  Chord  Method.  In  this  method  the  angle  is  con- 
structed by  two  intersecting  arcs.  The  first  arc  is  of  any  con- 
venient radius,  say  5"  or  8"  or  10",  and  is  described  with  the 
vertex  of  the  required  angle  as  a  center.  The  length  of  the 
radius  of  the  second  arc  must  be  equal  to  that  chord  of  the 
given  angle  which  corresponds  to  the  radius  of 
the  first  arc. 

(a)  Illustration.  At  A  to  plot  an  angle  of  47°  8'  clock- 
wise from  AB.  With  il  as  a  center  describe  an  arc  CD 
of  any  convenient  radius,  say  10".  The  chord  for 
47*  8'  for  a  unit  radius  is  0.7996  (found  by  one  of  the 
methods  given  below).  For  10"  the  chord  is  7.996", 
W  tor  practical  purposes  8"  long.     With  C  as  a  center  ^"Tn" 

und  with   a   radius  of  8",  describe   a    second  arc  FG 
hitersecting  the  first  at  D,  a  point  which  determines       Fia.  4Q^C5i^. 
^e  an^e. 
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(6)  To  find  the  chord  length.  Take  from  a  table  of  chords  the 
chord  for  the  required  angle  for  a  unit  length  and  multiply  by 
the  length  of  the  radius  of  the  first  arc.  If  a  table  of  chords  is 
not  at  hand  look  up  in  a  table  of  natural  sines  the  sine  of  half 
the  required  angle  and  multiply  by  twice  the  length  of  the 
radius  of  the  first  arc.  (For  the  chord  of  any  arc  is  equal  to 
the  radius  of  that  arc  multiplied  by  twice  the  sine  of  half  the 
subtended  angle,  or  chord  =  radius  X  (2Xsine  J  angle)  =  2Xradius 
Xsine  i  angle.     Draw  a  figure  showing  this  to  be  true.) 


lUustration.  In  Fig.  496  (o)  one  half  the  required  angle  is  47°  8'-«-2=- 
23°  34'  natural  sine  of  23°  34' =0.39982,  and  20 X. 39982  =  7. 9964= length 
of  chord.     (8"  is  near  enough.) 

(c)  Prcutical  suggestions.  (1)  The  accuracy  of  the  work  depends  upon 
the  precision  with  which  tne  arcs  can  be  drawn.  An  arc  of  10"  radius  can 
be  drawn  with  ordinary  compasses  if  the  lengthening  bar  is  used,  but  it 
takes  time  to  set  the  compasses  at  exactly  10",  and  it  is  sometimes  difficult 
to  keep  them  there  until  the  whole  arc  is  completed.  A  better  way  is  to 
keep  b^m  compasses  set  at  exactly  10",  and  to  use  them  only  for  drawing 
the  arst  arc  of  each  angle.  Then,  instead  of  describing  a  second  arc,  find 
the  chord  by  trial  wita  a  scale;  place  the  zero  of  the  scale  where  one  end 
of  the  chord  must  be,  and  knowing  the  length  of  the  chord,  fit  the  scale 
in  place  and  thus  find  the  point  on  tne  first  arc  where  the  other  end  of 
chord  must  be.  If  bea  n  compasses  are  not  at  hand,  use  a  straight  stick 
with  a  needle  at  one  end  for  a  pivot,  and  a  very  hard  lead  at  the  other, 
sharpened  to  a  line  point.  Be  sure  tiiat  the  distance  between  the  needle 
and  the  point  of  the  lead  (which  should  be  exactly  10")  cannot  change  while 
describing  an  arc.  By  exercising  a  Uttle  ingenuity  beam  compasses  of 
this  kind  can  be  made  with  a  device  for  adjusting  the  lead  slightly  to  keep 
it  exactly  10"  from  the  needle-point. 

(2)  If  a  radius  of  5"  is  used  the  natural  sine  of  half  the  angle  is  multi- 
plied by  2  X  5  =  10,  which  simply  changes  the  decimal  point.  The  objection 
to  this,  however,  is  that  for  accurate  work  the  first  arc  should  have  a  radius 
greater  than  5".  If  8"  or  9"  or  12"  is  used  it  is  more  convenient  to  multi- 
ply the  sine  by  two  and  then  by  the  radius  8"  or  9"  or  12",  as  the  case 
may  be.  When  there  is  room,  however,  use  a  radius  of  10",  multiply  the 
sine  by  2,  and  change  the  decimal  point  one  place.     If  the  fiftieths  on  the 

scale  are  used  it  is  not  necessary  to  multiply 
the  sine  of  half  the  angle  by  two;  simply 
change  the  decimal  point  three  places,  call  the 
result  fiftieths,  ana  read  directly  from  the 
scale,  adding  of  course  a  cipher  to  the  num- 
ber printed  on  the  scale. 

lUustration.  At  A  to  plot  an  angle  of  128° 
65'  clockwise  from  AB.  From  A  as  a  center 
describe  an  arc  of  10"  radius.  Plot  90°  of 
the  required  angle  by  erecting  the  perpen- 
dicular AC.  Half  of  the  remaining  angle  is 
(128°  .55' -  90°)  H- 2  =  19°  27.5'.  The  sine  of 
19°  27.5'  is  0.3.3312.  Hence  with  the  zero  of 
the  scale  at  C  find  the  point  D  where  the  333 
mark  (fiftieth)  comes,  i.e.,  the  required  chord 
is  0.333 X2X 10  =  Mf  =  Vif-  (This  is  really 
6.66".) 


FiQ.  496  (c). 


(rf)  Large  angles.    The  largest  angle  that  can  be  laid  off, 

u^ng  the  ordinary  scale,  is  73°  46',  for  the  sine  of  half  that 

an^Ie  is:  sine  of  36°  53' =  0.60019,  and  Wnce  the  chord  equals 
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600  fiftieths  or  the  limit  of  a  12"  scale.  For  any  angle  between 
73°  46'  and  90°,  erect  a  perpendicular  and  plot  the  complement 
of  the  required  angle.  In  a  similar  manner  any  angle,  no  mat- 
ter how  large,  can  be  plotted  by  either  erecting  a  perpendicular 
if  the  angle  is  nearest  90°  or  270°,  or  by  producing  the  original 
line  if  the  angle  is  nearest  180°.  See  Fig.  494,  p.  458j  for  par- 
allel cases. 

(c)  Erecting  perpendiculars.  If  two  sides  of  a  right  triangle 
are  each  10"  long,  the  hypothenuse  is  14.142"  long,  i.e.,  the 
chord  of  90°  is  1.4142.  Hence,  if  desired,  perpendiculars  can 
be  erected  by  the  chord  method,  as  indicated  in  Fig.  496  (c). 
Keep  a  straight  edge  with  two  fine  scratches  14,14"  apart 
especially  for  that  purpose.  It  is  convenient  to  have  these 
marks  on  the  beam  compass  or  on  the  straight  stick  used  in 
place  of  the  beam  compass. 

497.  The  Latitude  and  Departure  Method  consists  in 
plotting  points  by  coordinate  distances  corresponding  to  lati- 
tude and  departure.  While  it  is  seldom  used  for  laying  off  a 
angle  angle,  it  is  of  great  value  in  plotting  a  series  of  connected 
lines,  especially  if  they  form  a  polygon,  as ,  for  example,  the 
transit  lines  of  a  survey  which  closes.  This  method  will  be 
explained  in  detail  in  the  next  chapter. 

498.  Methods  Compared.  (1)  The  ordinary  protractor 
should  not  be  used  for  plotting  lines  much  longer  than  the  radius 
of  the  protractor,  if  more  than  medium  accuracy  is  required. 
With  the  expensive  vernier  protractors  angles  can  be  laid  off 
to  the  nearest  minute,  but  ordinarily  fifteen  minutes  is  as  close 
as  the  protractor  can  be  read.  The  protractor  is  used  for  plot- 
ting short  lines  to  relatively  unimportant  points,  as,  for  example, 
in  plotting  the  angles  at  a  transit  station  to  the  corners  of  build- 
ings, fences,  and  other  points  a  short  distance  away.  For  the 
transit  lines  some  other  method  is  usually  used  imless  a  vernier 
protractor  is  at  hand. 

(2)  The  tangent  method,  (3)  the  cosine  and  sine  method,  and 
(4)  the  chord  method  are  all  good  methods,  and  each  has  its  ad- 
vantages over  the  others.  In  the  first  two  methods  the  diffi- 
culty lies  in  quickly  and  accurately  erecting  perpendiculars;  in 
the  chord  method  it  lies  in  drawing  arcs  correctly  and  making 
their  intersection  perfectly  definite.  All  three  methods  require 
the  use  of  trigonometric  tables,  with  the  attending  danger  of 
blunders  in  looking  up  the  values  oi  ixinclioxiB. 


462 


METHODS  OP  PLOrnNG  ANGLES 


(5)  Latitude  and  departure  method.  See  p.  476  for  advantages 
and  disadvantages. 

499.  The  Three-point  Problem.  Given  three  points,  A, 
B,  and  C,  whose  relative  positions  are  determined  by  the  two 

distances  n  and  o  and  the  in- 
terior angle  M,    Let  N  and  0 
represent  the  values  of  the  an- 
gles at  P,  a  point  to  be  plotted, 
(a)  Graphic  method.     (1)  Plot 
the  two  angles  N  and  O  on  trac- 
ing-cloth, making  the  lengths  of 
the  Imes  PA,  PB,  and  PC  in- 
definite.    (2)  Shift  the  tracing- 
cloth  over  the  drawing  until  each 
of  the  three  lines  passes  through 
the  plotted  position  of  the  corresponding  point.     (3)  Prick 
through  the  point  P. 

A  three-arm  protractor  should  be  used  in  place  of  the  tracing- 
cloth  if  there  are  many  points  to  be  located.  Each  arm  is  set 
to  correspond  to  a  line  radiating  from  P. 

(b)  Plane-table  methods.     (See  pp.  329  to  336.) 

(c)  Algebraic    method.     Let    i2=X+y=360**-(Af +iV+0) 
Then 

n  sin  X    o  sin  F 


Fig.  490. 


x= 


sinO 


sin  JV 

sin  y=sin  R  cos  X— cos  R  BrnX, 

(n  sin  O  \ 

0  sin  iV  cos  R       /  * 


cot  X=  cot  R 


sin  N  cos  R 

The  angle  Y  may  be  foimd  in  a  similar  manner.    Plotting 

these  two  angles,  the  lines  AP  and  CP  intersecting  determine  P. 

(d)  Nc€e.  The  problem  is  indeterminate  when  A,  B,  C,  and  P  are  on  the 
circumference  of  a  circle,  i.e.,  when  M  +  N +  0^180°.  When  N-^-O^M 
or  nearly,  the  solution  is  impossible. 


CHAPTER  XXXIX 
BIETHODS  OF  PLOTTING  TRAVERSES 


For  every  method  of  running  traverses  explained  in  Chapter  XII,  p.  116> 
there  is  a  corresponding  method  of  plotting.  Distances  between  stations 
are  laid  off  to  scale  and  angles  or  bearings  are  plotted  by  one  of  the  methods 
given  in  the  preceding  chapter.  The  dififerent  steps  for  each  method  are 
outlined  in  this  chapter,  without  entering  upon  the  practical  details  of 
mapping.  Such  questions  as  the  choice  of  scale,  the  general  arrangement 
of  the  map,  the  accuracy  required,  and  the  best  methods  of  plotting  details 
are  discussed  in  the  next  chapter. 


500.  Different  Methods  of  Plotting  Traverses,  corre- 
sponding to  the  methods  of  running  transit  Unes  given  on  p. 
119,  are: 

•  f  1.  Plotting  each  traverse  line  hy  a  direct  angle, 

'  1 2.  Plotting  each  traverse  line  hy  a  deflection  angle. 

3.  Plotting  each  traverse  line  by  its  azimuth, 
Plotting  each  traverse  line  hy  its  bearing. 

In  addition  there  is  a  fifth  method: 


°{i 


5.  Plotting  traverses  by  coordinates  or  latitudes  and 

DEPARTURES. 

In  each  of  the  first  four  methods  the  angle  at  each  station 
may  be  plotted  by  means  of  the  protractor,  or  by  the  tangent 
method,  or  by  the  chord  method,  or  by  the  cosine  and  sine 
method. 

501.  Importance  of  Traverse  Lines.  Since  the  traverse 
lines  form  the  basis  of  the  whole  map,  they  must  be  plotted 
with  the  greatest  care,  using  fine  hair  lines.  On  a  small  scale 
map,  say  1"=200  ft.,  a  line  drawn  with  a  soft  or  poorly  sharp- 
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ened  pencil  may  easily  be  from  one  to  two  feet  wide  measured 
to  scale,  hence  use  a  6-H  pencil  sharpened  to  a  fine  wedge,  xad 
a  needle  to  prick  the  points. 

Where  a  high  degree  of  precision  is  required  an  ordinary  pro- 
tractor should  not  he  used  for  plotting  traverse  lines.  It  is  incon- 
sistent to  measure  angles  in  the  field  to  the  nearest  minute,  and 
then  to  plot  them  with  a  protractor  which  reads  only  to  half 
degrees,  especially  if  tiie  lines  between  stations  on  the  map  are 
more  than,  say,  five  inches  long.  Of  course  there  are  many 
cases  where  the  protractor  will  give  results  consistent  with  the 
accuracy  required,  but  its  cliief  use  is  in  plotting  details,  and 
in  roughly  checking  angles  plotted  by  some  other  method. 
Even  with  vernier  protractors  it  is  difficult  to  attain  a  high 
degree  of  precision,  though  angles  can  be  plotted  very  rapidly 
with  it,  and  much  more  accurately  than  with  an  ordinary  pro- 
tractor. 

502.  The  Use  of  the  Protractor  in  plotting  direct  angles, 
deflection  angles,  bearings,  and  azimuths  requires  no  explanar 
tion  in  addition  to  that  given  on  p.  455.  The  line  from  which 
the  angle  is  plotted  should  always  be  extended  beyond  the 
station  to  aid  in  centering  the  protractor  (see  p.  455),  and  occa- 
sionally a  Une  at  right  angles  is  drawn  in  order  that  the  90® 
mark  on  the  protractor  may  be  used  for  centering  in  addition  to 
the  0°  and  lSO°  mark. 

Remark.  In  studying  the  remainder  of  the  chapter  keep  in  mind  the 
fact  that  wherever  the  tangent  method  or  the  chord  method  is  used  for 
plotting  an  angle,  the  protractor  can  be  used  also,  provided  a  high  degree 
of  precision  is  hot  required.  Likewise  the  cosine  and  sine  method  can  be 
used  if  desired  in  place  of  the  tangent  method,  but  the  two  are  so  nearly 
alike  that  the  former  is  not  explained  in  this  chapter. 

503.  Plotting  Each  Transit  Line  from  the  Preceding 
Transit  Line.  This  method  consists  simply  in  plotting  the 
angle  at  each  station  by  the  protractor  method,  by  the  tangent 
method,  by  the  chord  method,  or  by  the  cosine  and  sine  method, 
the  distance  between  stations  being  lai4  off  with  a  scale.  When 
the  angle  is  a  large  one  it  may  be  necessary  to  plot  its  comple- 
ment or  supplement  as  explained  on  page  458. 

In  order  to  start  the  map  some  traverse  hne  must  be  drawn 
from  an  assumed  point,  and  its  length  laid  off  to  scale.  The 
direction  in  which  it  is  drawn  and  the  position  of  the  assumed 
point  depend  upon  the  general  arrangement  of  the  entire  map. 
(See p.  490  for  directions  for  starting  the  map.) 
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(a)  TANGENT  METHOD 


Table  I 


Angle      Value     Line    Length 


Angle  Plotted 


FAB 

56*»  44' 

AB 

ABC 

258*  30' 

BC 

BCD 

31"  56' 

CD 

CDE 

150*36' 

DE 

DEF 

67*  48' 

EP 

EFA 

154°  26' 

FA 

404  90°-   56°  44'=»33*  16' 

312  270°  -  258°  30'  =  1 1°  30' 

650  31*  56' 

386  180°  - 1 50°  36'  -  29°  24' 

407.8  90°-   67°  48' «=  22°  12' 
454.2 


Tangent 

0.6560 
0.2034 
0.6232 
0.5635 
0.4081 


lUuatration.  Fig.  503  (a).  Before  beginning  to  plot,  Table  I  was  pre- 
I>ared;  the  first  four  columns  were  taken  from  the  field  notes,  the  fifth 
column  gives  the  angles  to  be  actually  plotted,  and  the  last  column  gives 
the  corresponding  natural  tangents. 
Thus  the  draftsman  has  before  him 
all  the  data  necessary  to  plot  the  lines. 
In  preparing  the  fifth  column  the  fact 
was  kept  in  mind  that  the  tangent 
method  is  best  adapted  to  plotting 
angles  of  45**  or  less.  (See  p.  458.) 
Hence  at  A  and  D  complements  of  the 
angles  taken  in  the  field  were  used,  at 
D  the  supplement,  at  B  270  minus  the 
angle,  but  at  C  the  original  angle  was 
used,  since  it  was  less  than  45°.  In 
the  original  drawing  from  which  the 
figure  was  reduced  the  work  was  as 
follows:  Since  no  bearings  were 
given,  the  line  AF  was  assumed  in 
any  convenient  direction  and  its 
length  laid  off  to  scale.  A  perpen- 
dicular at  A  was  erected  and  the  com- 
plement of  FAB  =  90° -56°  44'- 
33°  16'  was  plotted.  Ten  real  inches 
were  used  as  a  base  and  from  Table  I 
6.56"  was  the  length  of  the  tangent. 

drawn,  and  its  length  laid  off  to  scale.  The  angle  at  £  is  nearly  270°, 
hence  a  perpendicular  was  erected  at  B.  270°  -  258°  30' =»  1 1  °  30'.  and 
since  258°  30'  is  less  than  270°  the  angle  ll*'  30'  must  be  plotted  back- 
wards or  counter-clockwise  from  the  perpendicular.  The  dotted  linet 
indicate  how  the  tangent  method  was  used  for  plotting  the  remaining 
angles.  The  plot  closes  if  the  last  line  passes  through  F,  and  the  distance 
EF  scales  correctly.  If  another  check  is  desired  the  angle  at  F  may  be 
tested  by  producing  EF  and  measuring  the  perpendicular  at  a  point  10" 
from  F.  In  this  case  the  distance  EF  came  out  one  foot  too  long  to  a 
scale  of  1"  =  50'0".  The  tangent  measured  4.78",  which  corresponds  to 
25°  32',  to  25°  33',  and  to  25°  34'.  The  correct  angle  is  180°- 154°  26'- 
25°  34'. 

Remark.     As  pointed  out  on  p.  458.  although  any  base  may  be  used,  10" 
Is  the  most  convenient  length. 

(6)    CHORD    METHOD 


Fig.  503  (a). 
Thus  a  point  on  AB  was  found,  AB 


Table  II 

Angle 

Value 

Line  Length  Angle  Plotted 

Angle  -5-  2 

Sine 

Chord 

FAB 

56°  44' 

AB 

404 

56°  44' 

28°  22' 

.4751 

9.50 

ABC 

258°  30' 

BC 

312 

11°  30' 

5°  45' 

.1001 

2.00 

BCD 

31°  56' 

CD 

550 

31°  56' 

15°  58' 

.2750 

5.50 

CDE 

150°  36' 

DE 

386 

29°  24' 

14°  42' 

.2538 

5.08 

DEF 

67°  48' 

EF 

407.  & 

67°  48' 

33*  54' 

.5578 

11.16 

EFA 

154°  26' 

FA 

454.2 

25°  34' 

12°  47' 

.2213 

4.43 

Illustration.     Before  be-^inning  to  plot.  Table  TI  was  prepared:    the  (Iwit 
four  columns  were  taken  from  the  field  notes  and  thft  VajaX  l.'Ck>^  N««jt«k  «^^«i^ 
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Fig.  503  (6). 


for  pmpoaeB  of  piottinc.  In  ptroMuiaK  the  fifth  eolumn  the  fmct  was  kapt 
in  mind  that  in  tbe  chord  method  it  is  more  convenient  to  uae  ni^es  mm 
than  73°  (p.  460).  Thus  at  Z>  the  mpplement  of  the  angle  taken  in  the 
field  was  used,  while  at  B  27(y*  minua  Oie  angle  was  tbe  most   convenient 

aagfe  to  plot.  At  A,  C,  and  B  the 
original  andes  are  less  than  73**.  If 
a  table  of  duHtls  is  at  hand  the  sine 
column  is  unnecessary. 

"Hie  line  AF  was  aaeamed  to  start 
with.  An  are  of  \0"  radius  deeenbed 
from  A  as  a  center,  and  the  oarre- 
sponding  chord  9.5"  (from  Table  II), 
gave  a  point  on  AB,.  The  distance 
to  B  was  laid  off  to  scale,  a  peip«i- 
dieolar  at  B  was  erected,  the  aiaite 
11"*  ac  (270'*-25S*»  SC,  see  Tabtell) 
was  plotted,  and  the  directum  <tf  BC 
was  thus  obtained.  The  dotted  lines 
in  the  figure  indicate  how  the  arcs  and 
chords  were  used  in  a  similar  way  to 
plot  the  remai  nine  angles.  If  the  last 
line  passes  througb  F  and  the  dittana 
EF  IS  correct,  the  plot  closes.  Tbe 
anc^  at  F  can  be  measured  if  an  additional  check  i«  desired.  Tlie  dis- 
tance EF  came  out  a  httle  less  than  407  instead  of  407.8  to  a  scale  of  1"^ 
50'  0^.     The  chord  me  sured  4.43,  showing  the  angle  to  be  correet. 

Remark.  Any  radius  may  be  used  in  the  chord  method,  but  10^  is  tbe 
most  convenient  length,  especially  Tvhen  the  fiftieths  on  the  scale  ar«  laed 
as  suggested  on  page  460. 

(c)  Checks.  Never  lay  oflf  an  an^e  by  the  tangmt  or  dioiid 
method  without  checking  it  roughly  with  the  protractor. 
Whoi  a  traverse  is  plotted  by  direct  angles  an  exodlent  chedc 
is  to  compute  the  bearings  of  all  the  lines,  and  at  every  fourth 
or  fifth  station  measure  the  an^e  of  bearing  of  the  line  tiiat 
starts  from  that  station.  If  the  survey  is  a  closed  trayerse,  it 
is  only  necessary  to  check  this  angle  roughly  with  the  protrac- 
tor, otherwise  check  it  carefully  by  the  tangent  or  ch<nd  method. 
(See  p.  494  for  additional  directions  for  checking  traverses.) 

lUuMitrvtlon,    Let  the  bearing  of  AB»S  55   O' E.     The  calcalated  beaiw 
ing  of  DE  would  be  N.  26''  02^  £.     Draw  a  meridian  at  A  making    55^  0^ 
with  AB.     Throufi^  D  draw  a  parallel  meridian,  and«see  if  the  aaipb 
it  makes  with  DU  is  26-  02*  

ELemark.     A  check  like  th€  above  is  more  necessary  in  a  siuvejr 
a  large  number  of  stations. 

504.  Plotting  by  Deflection  Angles.  This  method  is  a 
modification  of  the  preceding  method.  It  corresponds  to  the 
method  of  running  transit  lines  given  on  page  120,  and  is  used 
for  lines  which  progress  more  or  less  in  one  direction,  as  in 
railway  work.  The  deflection  angle  at  each  station  is  plotted 
by  the  protractor  method,  by  the  tangent  method,  or  by  the 
chord  method,  preferably  the  latter.  A  mistake  to  be  avt^ded 
is  that  of  plotting  the  angle  on  the  wrong  side  of  the  transit 
line  produced.  As  some  angles  are  measured  to  the  right  and 
fiome  to  tbe  left,  tins  mistake  is  likely  to  occur. 
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(a)  CHORD   METHOD 
Table  III 


Back-        Deflection  Angle 

tight.  Sts.   Right      Left      Line  Length  Ang.  Plot.  Ang.-i- 2  Sine 

Chonl 

AB    210.1 
A       B   34»18'                    BC     255.6     34»18M7»09'     .2948 
EC                   ^""W    CD    321.1      64<»  20'  32*  10'     .5324 
C       D   70*48*                   DE    342.8     13<*  12'    6*36'     .1149 

5.90 

10.65 

2.30 

Fio.  504  (a). 

lUvttration.  The  first  six  columns  in  Table  III  are  the  field  notes. 
The  last  four  were  added  for  purposes  of  plotting.  Fig.  504  (a)  studied  in 
connection  with  these  last  four  columns  will  illustrate  the  method  of  plot- 
ting when  chords  are  used. 

(&)  Checks  are  the  same  as  those  given  for  the  preceding 
method.  As  this  method  is  used  most  often  for  surveys  that 
do  not  close,  lines  should  be  checked  very  carefully  by  calcu- 
lated bearings  at,  say,  every  fourth^tation. 

505.  Plotting  by  Bearings.  This  method  consists  in  plot- 
ting each  line  by  laying  off  its  angle  of  bearing  from  a  line 
assumed  as  a  north-and-south  meridian.  The  protractor,  the 
chord  method,  the  tangent  method,  or  the  cosine  and  sine 
method  may  be  used  for  laying  off  the  angle  of  bearing. 

Nate.  Except  n  compass  surveying  the  hear^nqa  laid  off  are  always  cclC* 
euUued  heannqe^  iound  by  the  method  explained  in  Chapter  XXX.  Some- 
times these  bearings  are  calculated  from  the  true  bearing  of  some  traverse 
line,  sometimes  irom  the  magnef^i  bearing.  When  no  bearings  are  given, 
the  bearing  of  some  traverse  line  is  assumed,  and  the  corresponding  bear- 
ings ct  the  others  calculated.  These  bearings,  though  fictitious,  will  give 
the  true  r^atiive  positions  ot  the  different  stations. 

Any  adjustments  of  angles  which  may  be  necessary  (see  p.  478)  should 
be  made  before  the  bearings  are  calculated,  and  the  adjusted  values  used  in 
the  calculations. 

(1)  There  are  two  general  methods  of  procedure.  In  the 
first,  all  bearings  are  plotted  from  the  same  line  and  afterwards 
transferred.  (2)  In  the  second,  lines  parallel  to  the  assumed 
meridian  are  drawn  through  all  the  stations,  and  the  bearing  of 
each  traverse  line  is  plotted  from  the  meridian  at  the  station 
from  which  the  traverse  line  starts.  In  either  method  it  is  con- 
venient to  assume  the  meridian  at  right  angles  to  the  T-square, 
i.e.,  a  vertical  line,  with  the  north  point  at  tVva  \»^  <A  \Sa  \sn»2«$. 
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Somotimes,  however,  it  is  desired  to  asaume  the  meridian  in 
some  other  position,  thus  loaking  the  east-ajid-weat  line  oblique 
to  the  T-square.  In  such  cases  it  is  convenieot  to  use  a.  T- 
square  with  an  adjustable  bead  so  that  the  edge  of  the  bliul« 
may  be  made  to  condde  with  aa  eaat-and-west  line  when  the 
bead  is  in  contact  with  the  left-hand  edge  of  the  board.  (See 
Caulicn,  p.  473.) 

The  first  method  (plotting  tinea  from  the  same  meridian)  will 
be  explained  in  detail,  lioth  for  the  tangent  and  the  chord 
method  of  plotting  bearings. 


(a) 


f    PLOTTING    BKAAINOS 


Construct  near  the  center  of  the  paper  a  20"  square  and 
subdivide  it  into  four  10"  squares.  This  must  be  done  with 
accuracy,  and  the  large  and  small  squares  tested  by  measuring 
the  diagonals.  There  is  no  use  in  proceeding  farther  uuUl  the 
diagonalf  of  the  20"  square  arc  equal,  the  sides  each  20"  long, 
and  the  diagonals  of  all  the  10"  squares  equal  to  each  other. 
Assuming  the  vertical  line  through  tie  center  of  the  20"  square 
as  a  nortli-and-south  line,  each  of  the  10"  squares  will  (»rre- 
spond  to  one  of  the  four  quadrants  of  bearing,  N.E.,  S.E.,  S.W., 
and  N.W.  Plot  the  bearing  of  each  line  of  the  survey  by  meas- 
uring ten  times  the  natural  tangent  of  the  bearing  (or  if  the 
bearing  is  over  45°,  the  complement  of  the  bearing)  along  a 
aide  of  that  10"  square  which  corresponds  to  the  quadrant  of 
bearing.  The  direction  of  each  Une  of  the  survey  thus  obtained 
may  be  transferred  to  its  proper  place  in  the  plot  by  any  of  the 
accurate  methods  of  drawing  one  line  parallel  to  another  (p. 


large  square,  but,  as  pointsd  out  on  pan 
458.  Iff'  IB  the  most  convenient  bnae  b 
which  to  multiply  tbe  nmutftl  tUBeQt. 
UluHrolum.  In  Fig.  Mn  {ai  Ibe  tnu 
Bit  lines  of  page  465  aiv  plotlfld  Inu 
bearinss  UBine  the  tangent  method.  Th 
besring  of  AB  if  not  lno"'>>  ■uay  b*  ai 


.....lelhsounme  wUlbe 
>r   the  tnuBil   liDH   will 

™""  ulS^'lin"  '"in  tbe 
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B,  55"    0'   E. 

B,  23°  ao-  W. 

S.  55°  29'  E. 
.36°  02'  E. 
H.  86"  IC  W. 
S.  68°  18'  W. 


Length         A 


Tuigent 

.7008 
.4348 

.6sea 


K  34'  34'  N.  mtnnt 
E.  »ow*rdBN. 

Each  dotted  line 
at  the  corrapondini 
ia  E.  aS"  g..  lunce 


d^on  pariXl  t. 


four 


y  off  the  Uomnt.     T 
ing  »ngentT0.889)  fi 


Fig.  50S  (a)  wax  determini 


Fie.  50J5  (a) 
wkIs  in  til* 


In  this  mannar  the  di>«(toiH  of  dU  (he  linea  in 
i«d. 

imetar  of  the  polygon  nay  now  he  dniwii  panllal 
lotted  line.  A  etartinK-point  A  havme;  been  u- 
A.B  wBd  dnwn  paralJu  to  the  correapcindina  Tine 
ind  404  reet  to  eeale  gave  B.  Through  B,  BC  was 
cnrreBponding  line  in  the  S.W.  quadnnt,  and  112 


(6)  A  modified  methud  of  plotting  bearings  by  tuUural  Umgenla 
ia  W  draw  near  the  center  of  the 
paper  a  10"  square  instead  of  a 
20"  square,  using  the  right-hand  < 
Btde  for  &  north-and-BOuth  line 
when  a  bearing  is  N.W.  or  S.W. 
and  the  left-hand  side  of  the  square 
for  a  north-and-south  line  when  a 
bearing  ia  N.E.  or  S.E.  Thus  one 
square  is  made  to  answer  for  all 
four  quadrants  of  bearing. 


(e)c 


Fia.  i05  (U. 
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Proceed  as  follows;  (1)  Near  the  center  of  the  paper  draw  > 
circle  exactly  20"  in  diameter,  (2)  Through  its  center  draw  a 
north-snd-south  line  and  an  east-and-weet  line.  (3)  Make  sure 
that  these  two  hnes  are  mutually  perpendicular, — the  four 
chorda  should  be  exactly  equal  to  each  other  and  each  equal  to 
14.14".  (4)  Prepare  a  table  similar  to  tliat  below,  (5)  Plot 
each  line  in  its  proper  quadrant  by  using  the  citord  value  of  ite 
bearing.  (6)  Transfer  each  line  in  order  to  its  proper  position 
in  the  plot  by  any  of  the  accurate  methods  of  drawing  one  line 
parallel  to  another. 
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specially  U  the  61- 
tl  used  Hs  sufcgesled 


nFiir.  50 
_.._iin  thepj 
.   Ifnobearin 


^Tt  wUlbe  oor- 


line         Bearing         Lensth      Angle  Flol led    Angle-t-2    Sine     Chord 

AB     aS6°    V  E.       «M  8. 53°    ff  E.      27°  Siy     .4617       9.S3 

flC      S.  aS-SO'W.       312  8.  23°  WW.      11°  *5'     .3038       4.07 

CD     N.  55°26'E.       560         N.  55°  26'  E.      27"  43'     .4651       0.30 

DE     N.  26°02'E.       386         N.26°02'E.       13°  01'     ,2252       4. SO 

EF     N.  Se'lCW.       407.8     W.    3°  SO"  N.        1°  55'     .0334       0.67 

FA      8.  68°  16' W.       454.2      8.  68°  16"  W.      84''08'     .5611     11.22 

The  dotted  liaes  mdiatini;  from  the  center  of  the  circle  m  Fie.  505  (e) 

were  plotted  by  laying  off  the  chorda  given  in  the  last  coliunn  of  the  table. 

Thus  AB  is  B.  55°  O*  E.,  hence  from  the  lower  end  of  the  vertical  diameter 

lay  off  a  chord  easterly  at  9.23".     BC  is  S.  23°  30"  W.,  hence  lay  off  a 

-'       ■  '  nt  westerly  ot  4.07".     In  thia  manner  the  direc 

^Ti  pWld'to  lhe''cor?^ponrtmB"iine  in  the"s!E. 
to  scale  gave  B.  ThroUEh  B.  BC  was  drawn  nai^ 
I  line  in  the  S.W.  nuadtant,  and  312  feet  to  scale 


j^: 


tions  of  all  the  lines  in 
Each  line  i>>  the 

(seep.  4»1|.'AB  wa»~ijl 
gave  C.     The  final  poeii 


(d)  A  modified  method  of  plotting  bear- 
ings by  chords  ia  shown  in  Fig  60}  (d) 
The  four  quadrants  occupy  the  same 
space,  otherwise  the  method  is  unchanged 
This  method  may  be  used  when  a  (V 
circle  will  not  come  witlun  tl  e  I  mits  of 
the  paper  and  it  is  not  desirable  to  use  a 
radius  of  less  than  10".  The  dotted  Lnes 
inthefigurecorrespond  to  the  tranmt  lines 
in  Fig.  505  (c). 

(e)  A  second  method  of  plotting  bearings  by  tangents  or  chord*. 
In  tlus  method  instead  of  plotting  the  bearings  of  all  the  transit  . 
lines  from  one  north-and-BOUth  line,  the  beating  of  each  line  is 
plotted  from  a  north-and-south  line  drawn  through  the  statioa 
at  the  beginning  of  the  line.     Otherwise  the  method  is  the  same 

the  preceding  one.     In  thia  method  errors  are  less  likely  to 


I.  505  (if). 
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occur  in  drawing  parallel  lines,  but  more  work  is  involved  in 
the  plotting. 

Another  method  sometimes  used  for  large  maps  is  to  draw  a 
rectangle  which  shall  include  as  much  as  possible  of  the  map 
and  at  the  same  time  be  divisible  into  ten-inch  squares.  The 
bearing  of  a  line  starting  from  any  station  may  then  be  laid 
off  in  the  square  nearest  the  station  and  afterward  transferred 
to  the  station.  If  the  outside  rectangle  is  carefully  checked 
and  the  squares  are  laid  off  entirely  by  measurement,  the  errors 
due  to  the  use  of  T-square  and  triangles  are  avoided.  (See 
Caution,  p.  473.) 

(/)  Checks.  The  angle  at  each  station  should  be  checked 
roughly  with  the  protractor,  or  if  the  survey  is  not  a  closed 
traverse,  more  accurately  by  the  tangent  or  by  the  chord 
method.  When  lines  have  been  plotted  by  bearings  there  is  no 
check  which,  if  applied  at  any  station,  will  check  all  of  the 
previous  courses.  This  is  one  objection  to  this  method  of 
plotting,  since  if  each  angle  must  be  checked  by  some  accurate 
method,  that  method  might  as  well  be  used  to  start  with.  The 
method  of  plotting  by  bearings  is  best  suited,  therefore,  for 
closed  traverses  where  it  is  sufficiently  accurate  to  check  angles 
with  the  protractor.  (See  p.  494  for  additional  directions  for 
checking  traverses.) 

506.  Plotting  by  Azimuths.  The  method  is  practically 
the  same  as  that  given  for  plotting  bearings.  The  only  differ- 
ence  is  that  the  angle  plotted  at  each  station  is  the  azimuth  of 
the  next  line  instead  of  the  bearing.  The  checks  are  similar  to 
those  given  above. 

507.  Plotting  Transit  Lines  by  Latitudes  and  Depar- 
tures. This  method  consists  in  selecting  one  of  the  stations  as 
a  reference-point  (origin)  and  plotting  each  of  the  other  sta- 
tions by  its  total  distance  east  or  west,  and  its  total  distance  north 
OT  south  oi  the  reference-point  (origin).  These  two  coordinate 
distances  by  which  each  station  is  plotted  are  obtained  from  the 
latitudes  and  departures.  For  purposes  of  plotting,  it  makes 
no  difference  which  station  is  chosen  for  a  reference-point;  it 
is  well  to  select  the  most  westerly  station,  especially  as  this  is 
done  when  areas  are  computed  from  the  latitudes  and  departures. 

Note.  Except  in  compass  surveys  the  bearings  used  in  computing  lati- 
tudes and  departures  are  always  calculated  bearings,  based  upon  a  mag- 
netic, a  true,  or  an  assumed  meridian,  and  upon  th«  adjusted  or  final 
values  of  traverse  angles.     (See  note,  p.  467.) 
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Latitudes  and  defMTtures  may  also  be  calculated  directly  from  asimuths 
(see  p.  387),  and  the  above  holds  true  for  azimuths  as  well  as  for  bearings. 

(a)  To  determine  which  is  the  most  westerly  station :  This  can 
usually  be  done  by  inspection  of  the  bearings.    Start  with  any 

line  and  follow  around  the  survey  until  the 
station  is  reached  where  the  bearing  changes 
from  W.  to  E.  Thus  if  AB  is  N.E.,  BC  b 
S.E.,  CD  is  S.W.,  DE  is  S.W.,  EF  is  N.W., 
and  FA  is  N.E.,  without  consulting  the  figure 
at  all  it  is  seen  from  the  bearings  that  F  is 
Fig   507  (a)  ^^®  most  westerly  station,  because  at  F  the 

lines  stop  running  west  and  begin  to  run  east. 
When,  however,  there  are  two  such  points  where  lines  change 
from  west  to  east,  as,  for  example,  if  F  in  Fig.  507  (a)  were  at 
F',  it  is  sometimes  necessary  to  add  up  the  departures  each 
way,  starting  from  some  easterly  station.  Thus,  if  the  sum  of 
the  departures  of  CB  and  BA  is  greater  than  the  sum  of  the 
departures  of  CD  and  DE  then  A  is  tlie  most  westerly  station, 
otherwise  E  is  farther  west  than  A.  A  still  better  method, 
especially  when  there  are  a  large  number  of  sides  to  the  poly- 
gon, is  to  start  with  any  station  as  an  origin,  and  find  by  a 
preliminary  tabulation  similar  to  the  last  colunm  on  page  474, 
the  total  departure  of  each  station  from  the  assumed  origin. 
The  station  having  the  largest  minus  departure  is  the  most 
westerly  station. 

(6)  General  method  of  plotting  by  latitudes  and  de- 
partures. 

(1)  Compute  and  tabulate  the  latitudes  and  departures  of  all 
transit  lines.     (See  p.  389.) 

(2)  Add  to  the  table  three  columns  for  plotting,  headed  re- 
spectively Station,  Total  Latitude,  Total  Departure. 

(3)  Choose  the  most  westerly  station  as  a  point  of  reference 
or  origin.  Its  total  latitude  and  its  total  departure  (its  two 
coordinates)  are  both  zero. 

(4)  With  this  station  as  an  origin,  compute  the  two  coordi- 
nate distances  for  each  of  the  other  stations  in  turn  as  follows: 
Add  algebraically  the  latitudes  of  all  traverse  lines  passed  over 
in  going  from  the  origin  to  the  required  point;  this  will  give 
one  coordinate,  the  total  latitude.  Add  algebraically  the  de- 
partures of  these  same  lines;  this  will  give  the  other  coordinate, 
the  total  departure.     Enter  the  result  for  each  station  in  the  last 

two  columns. 
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(5)  Find  the  size  of  the  rectangle  *  which  just  encloses  the 
survey,  i.e.,  the  most  westerly  station  will  be  on  the  left-hand 
side  of  the  rectangle,  the  most  easterly  station  on  the  right- 
hand  side,  the  most  northerly  on  the  upper  side,  and  the  most 
southerly  on  the  lower  side.  The  largest  total  north  latitude 
in  the  plotting  column,  plus  the  largest  total  south  latitude, 
will  be  one  side  of  the  rectangle;  since  there  is  no  total  west 
departure  in  the  plotting  column  the  largest  total  departure 
ecLst  will  be  the  other  side  of  the  rectangle. 

(6)  Draw  the  rectangle  to  the  scale  chosen  for  plotting  the 
map.  Check  it  by  measuring  each  side,  and  by  seeing  that  the 
diagonals  are  equal.  The  accuracy  of  the  whole  map  depends 
upon  the  accuracy  of  this  rectangle, — it  is  worth  while  to  get 
it  right  to  start  with.     (See  suggestion  (3),  p.  475.) 

(7)  Locate  each  transit  station  by  its  two  coordinate  dis- 
tances. Measure  from  the  two  nearest  sides  of  the  rectangle,  sub- 
tracting if  necessary  values  in  the  table  from  the  lengths  of  the 
corresponding  sides  ot  the  rectangle. 

(8)  Connect  the  transit  stations  by  fine  lines  and  measure  the 
length  of  each  transit  line  to  see  if  it  checks  with  the  length  used 
in  calculating  the  latitudes  and  departures.  (See  also  additional, 
check,  p.  475.) 

Caution.  The  object  in  meaauring  from  the  two  nearest  sides  in  (7)  is 
to  reduce  the  errors  likely  to  arise  when  the  T-square  is  used  for  projecting 
a  point  any  considerable  distance  across  the  drawing-board. 

In  very  accurate  work  it  is  better  not  to  rely  upon  the  T-square  and 
triangles  but,  having  made  sure  that  the  rectangle  is  correct,  to  proceed 
as    follows:     Find    bv    measurement    a 
point  on  the  east  side  of  the  rectangle 
exactly  opposite  the  station  used  as  the 

origin,  and  draw  an  east-and-west  line      rfOy^^Js'^        25 '^"^ 
from  the  origin  to  this  point  for  use  as  a      jji/  *^  X.      »H>  ^ 

reference-line  in  measuring  latitudes.    To      L<>-  N.   |V  i 

plot  any  station,    lay  on   its  total  de-      tC- -**  tyj 

parture  twice,  once  along  the  north  side      '  \  C  /  • 

of  the  rectangle  and  once  along  the  south      |  \  /  j 

side.     On  the  line  between  the  two  points      l^t  \  /  pj 

thus  obtained,  lay  oflf  ihe  total  latitude      I   //  \  _  m  /      * 

of  the  station,  north  or  south  as  the  case      }"■'"- 7 F  Al ' 

may  be,  measured  from  the  east  and  west     j^      /  ^^^^"^      "I 

reference-line.  J"^     /  ^^^i^^^^     ^y         I 

(c)  lUuslration.     For  the  sake  of  sim-     j  ^  /£^^^^  rr  '^l    a    I 

plicity  whole  numbers  are  used  for  lati-     LS^I^Z. — ««ji>2-.« — j.  JL-j 
tudes  and   departures   in   the   following 

illustration.     Since    the    values    of    the  c/vr  /  x 

bearings  and  the  lengths  of  the  lines  do  Fig.  507  (c). 

not  enter  directly  into  the  plotting,  they 
are  purposely  omitted. 


*The  author  prefers  to  use  this  rectangle  for   measuring   co6rdiuft.<Aa 
in  place  of  two  codrdinate  axes  through  the  most  'weale^tVv  a\*bWaiv. 
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line 


Latitude      Deparfcme  Total    Total 

Bearing  Length  North  South  East  West   Stetkm    Lat. 


+ 

^ 

+ 

— 

AB 

N.-E. 

19 

9 

B 

+  4 

50 

BC 

S.-W. 

8 

25 

C 

-   4 

25 

CD 

N.-W. 

16 

15 

D 

+  12 

10 

DB 

S.-W. 

12 

10 

E 

0 

0 

EP 

S.-E. 

14 

11 

F 

-14 

11 

FG 

S.-W 

14 

5 

G 

-28 

6 

GA 

N.-E 

13 

35 

A 

-15 

41 

48 


48         55 


55 


(1)  l^e  latitudes  and  departures  are  first  computed  and  tabulated. 

(2)  The  headings  of  the  last  three  columns  are  entered  as  shown. 

(3)  Running  the  eye  down  the  second  colunm  it  is  seen  that  either  E 
or  G  must  be  the  most  westerlj'  station.  Art.  507  (a).  Adding  d^Mrtures 
from  B  to  E  (25+ 15  + 10)  =50;  from  B  to  G=9  +  35  =  44.  Hence  E  is 
6  feet  farther  west  than  G.     The  coordinates  of  E  are  0  and  0. 

(4)  Coordinates  of  the  other  stations  from  E  as  the  origin  are  found  as 
follows:  Latitudes:  F=-14.  G= -14  +  (- 14)= -28.  ^=-28  +  13- 
-15.  B=-15+19=+4.  C=+4+(-8)  =  -4.  D=-4+16=+12. 
^=  +  12+(-12)=0  (check).  The  departure  coordinates  are  F  =  ll. 
G  =  lI  +  (-5)=6.  A=6+35=41.  5  =  41  +  9  =  50.  C»50+(-25) -25. 
D  =  25+(-15)  =  10.     J?  =  10+(-lO)=0  (check). 

(5)  In  the  column  of  total  latitudes  the  largest  north  latitude  is  12; 
the  largest  south  latitude  is  28.  hence  one  side  of  the  rectan^e  is  12  +  28«> 
40  feet.  The  other  side  of  the  rectangle  is  equal  to  the  largest  total  de- 
parture or  50  feet.     Size  of  rectangle  is  40  feet  by  50  feet. 

(Q)  Draw  the  rectangle  to  scale,  and  check  it  by  measuring  its  sides 
and  diagonals. 

(7)  Locate  the  origin  E.  It  is  on  the  western  side  oi  the  rectangle,  a 
distance  from  the  top  equal  to  the  largest  TOTAii  LAirrnDE  nobth  » 12  feet. 
In  this  ca.se  this  distance  happens  to  be  the  latitude  of  ED  also.  Check  E 
by  measuring  its  distance  from  the  lower  side  of  the  rectangle;  it  should 
be  equal  to  the  largest  total  latitude  8outh  =  28  feet.  Locate  each  €A  the 
other  stations  by  its  coordinates,  measuring  as  far  a^  possible  along  the 
sides  of  the  rectangle.  Thus  to  locate  C  niake  a  point  4  feet  below  E  on 
the  west  side  of  the  rectangle,  and  another  point  on  the  north  side  25  feet 
from  the  comer  and  draw  projecting  lines  from  these  two  points  as  indi- 
cated. For  any  station  remote  from  E  as  A,  if^nay  be  more  convenient 
and  more  accurate  to  measure  from  the  two  nearest  sides. 

(8)  Test  the  length  of  every  transit 
line  by  scaling  it.  Test  also  Uie  angle 
DEF.     (Why?)     See  Art.  507  (/). 

(d)  Illustration.  In  Fig.  507  (d) 
the  transit  lines  already  plotted  by 
the  other  methods  are  plotted  by 
latitudes  and  departures.  The  actual 
measurements  used  are  given  on  the 
figure.  Station  D  was  located  by  the 
departure  of  D£  =  169.4  and  by  the 
latitude  of  CD =31 2.0.  because  these 
two  distances  were  more  convenient 
to  use  than  the  two  coordinates 
given  in  the  table.  Similar  modifi- 
cations of  the  method   will  become 


fa  42^9 
IS 


32&8 


L_^^^-/^_«. I     apparent  from  inspection. 


Fig.  507  (d). 


Line 

AB  S. 
BC  S. 
CD  N. 
DE  N. 
£'/^  N. 
J^A    8.  68"  W  W. 


Bearinr  Length 
55°  0'  E.  404.0 
30'  W.  312.0 
26'  E.  550.0 
02' E.  386.0 
icy  W.  407.8 
454.2 


23° 
55° 
26° 
«fi° 


Latitude 
North  South 

231.7 
286.1 


Departure 


312.0 

346.8 

27.3 


East 
330.9 

452.9 
169.4 


Total    Total 


168.2 


"West  Station  Lat.  Depart. 


124.4 


406.9 
421.9 


B 

C 
D 
E 
F 
A 


-231.7 
-517.8 
-205.8 
+  141.0 
+  168.3 
0.1 


330.9 
206.5 
650.4 
828.8 
421.9 
0.0 


686.1    686.0   95S.2  "d^.l 
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(e)  Sttggeationa.     (1)  On  large  maps  it  is  often  advisable  to  subdivide 
the  reference  rectangle  into  s<iuare8  of  any  convenient  size,  say  10",  and  to 
use  these  squares  for  measuring  off  the  codrdinates.      If  these  squares  are 
all  drawn  at  the  outset,  any  shrinkage  or  expansion  which  may  take  place 
in  the  paper  will  not  affect  the  relative  positions  of  stations  subsequently 
plotted,   provided    the  squares    are  taken  as  the  basis  of  measurement 
mstead  of  the  original  scale.     It  is  sometimes  expedient  not  to  draw  the 
entire  reference  rectangle,  but  only  those  supplementary  squares  needed 
for   plotting,  especially  if  the  survey  does   not  close  but   zigzags  in  one 
general  direction.     (2)  It  is  frequently  advantageous  to  assume  the  refer- 
ence rectangle  so  that  no  side  is  horizontal  or  vertical.     (See  directions  for 
starting  the  map.  p.  490.)     In  that  case  it  may  be  expedient  to  use  a 
T-square  with  adjustable  head,  and  to  set  the  blade  to  coincide  with  the 
lower  and  upper  sides  of  the  rectangle.     (3)  If  in  testing  the  reference 
rectangle  it  is  found  that  the  diagonals  are  not  exactly  equal,  each  right 
angle  may  be  tested  by  laying  off  10  inches  along  each  side  and  measuring 
between  the  two  points  thus  obtained  to  see  if  the  distance  is  14.142  inches. 
See  Art.  496  (e),  p.  461.)     (4)  Sometimes  instead  of   plotting  all  stations 
from  the  same  origin,  each  station  is  plotted  by  its  latitude  and  departure 
from  the  preceding  station.     The  only  advantage  in  this  is  that  by  check- 
ing the  total  latitude  and  departure  of  the  last  station  from  the  first  station 
all  lines  between  these  two  stations  are  checked ^    This  check  is  of  the 
most  value  when  the  traverse  does  not  form  a  closed  figure.     (5)  Let  a  fine 
dot  represent  the  position  of  each  station,  draw  a  small  free-hand  circle 
around  the  dot  and  draw  no  lines  of  aiiy  kind  inside  this  circle.     Then 
there  will  always  be  a  definite  point  to  measure  from,  unobscured  by  lines. 

(/)  Checks.  In  addition  to  the  check  afforded  by  measuring 
distances  between  stations,  it  is  well  to  test  with  the  protractor 
the  angle  between  two  lines  when  either  of  these  lines  is  nearly 
parallel  to  one  of  the  coordinate  axes.  This  is  because  a  mis- 
take made  in  measuring  perpendicular  to  that  axis  does  not 
greatly  affect  the  length  of  the  line.  If  preferred,  the  test  in 
such  a  case  may  be  made  by  checking  the  bearing  t)f  the  line. 
(See  also  check  in  suggestion  (4)  above.) 

508.  Methods  of  Plotting  Traverses  Compared.  The 
methods  of  plotting  angles  by  the  protractor,  by  tangents,  by 
cosine  and  sine,  and  by  chords  have  already  been  compared  on 
page  461.  In  a  test  carried  on  with  a  large  number  of  students 
the  author  has  found  that,  apparently,  there  is  little  difference 
between  the  tangent  method  and  the  chord  method,  either  in 
the  time  required  to  plot  a  closed  traverse  or  in  the  accuracy 
attained.  If  anything  the  chord  method  seemed  to  be  the 
quicker,  and  when  the  "home-made"  beam  compass  (p.  460) 
was  used  the  results  were  fully  as  accurate.  This  is,  perhaps, 
contrary  to  the  general  impression. 

The  chief  advantage  in  plotting  direct  angles  or  deflection 
angles  lies  in  the  fact  that  the  check  (p.  466)  applied  every  few 
stations  checks  all  previous  courses,  while  if  lines  are  plotted 
by  hearings  or  azimuths  no  such  single  check  can  be  used.  On 
the  other  hand  if  a  mistake  is  made  in  laying  off  the  direction 
of  one  course  and  it  is  not  discovered  \M[it\\  a  -exmi^^x  <2>\  ^ojsr 
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eeeding  courses  have  been  plotted,  the  direction  of  each  of 
these  courses  must  be  changed,  while  if  they  have  been  plotted 
by  bearings  or  azimuths  the  correction  may  be  made  by  mov- 
ing each  line  parallel  to  itself.  For  the  same  reason,  when 
plotting  by  direct  angles  or  deflection  angles  small  errors  in 
direction  are  likely  to  accumulate,  though  this  may  be  reme- 
died by  plotting  every  fifth  line  or  so  by  its  bearing  (p.  466). 

The  method  of  bearings  or  the  method  of  azimuths  is  best 
adapted  to  plotting  surveys  which  close,  for  it  is  difficult  to 
check  lines  plotted  by  either  of  these  methods  if  the  traverse 
does  not  form  a  closed  figure. 

The  method  of  plotting  by  coordinates  (or  latitudes  and  de- 
partures) is  generally  recognized  as  the  best  method  for  plotting 
the  average  map.  The  preliminary  computations  are  some- 
what longer  than  those  required  for  the  other  methods,  but  on 
the  other  hand  they  may  be  used  for  supplying  TnjagJTig  data 
and  for  calculating  areas.  The  draftsman  knows  before  he 
begins  to  plot  whether  or  not  a  traverse  closes,  while  in  the 
other  methods  if  it  fails  to  close  he  is  uncertain  as  to  whether 
the  error  is  in  the  field  work  or  in  the  plotting.  Since  stations 
are  plotted  independently  errors  cannot  accumulate,  but  on  the 
other  hand  intermediate  stations  cannot  be  checked  by  check- 
ing the  last  station  imless  suggestion  (4),  p.  475,  is  carried 
out.  One  of  the  chief  advantages  of  the  method  is  that  the 
size  of  the  map  may  be  ascertained  before  plotting  is  begun, 
since  in  the  majority  of  cases  it  is  approximately  the  size  of  the 
reference  rectangle. 


CHAPTER  XL 
WORKING  UP  FIELD  NOTES  PREPARATORY  TO  PLOTTING 

The  details  of  a  survey  are  usually  plotted  directly  from  the  field  notes 
with  little  if  any  preparatory  work.  Ou  ttie  other  hand  more  or  less  pre* 
liminary  computation  is  necessary  before  the  traverse  lines  can  be  plotted. 
Moreover  the  notes  pertaining  to  traverse  lines  are  often  scattered  through 
many  pages  of  the  note-book.  It  saves  time,  therefore,  to  get  together 
all  the  data  needed  for  computation  and  plotting,  to  make  aU  the  prdlimi- 
nary  calculations  and  to  arrange  results  in  such  a  systematic  manner  that 
when  plotting  is  begun  the  undivided  attention  may  be  given  to  the  me- 
chanical portion  of  the  work. 


509.  The  Method  of  Working  Up  Notes  depends  largely 
upon  the  method  to  be  used  in  plotting.  In  any  event  it  is 
well  to  make  a  rough  free-hand  sketch  of  the  main  lines  or 
skeleton  of  the  survey,  and  to  put  on  this  sketch  all  lengths  and 
angles  which  will  be  needed  for  computation  and  plotting.  It 
is  better  to  take  the  time  for  this  at  the  beginning  of  the  work 
than  to  stop  in  the  midst  of  a  computation  to  search  the  field 
notes  for  necessary  data. 

Having  thus  gathered  all  the  data  that  in  any  way  affect  the 
main  lines,  it  may  be  necessary  to  correct  or  adjust  values. 
The  adjusted  values  of  lengths  and  angles  (or  bearings)  may  be 
written  in  red  ink  on  the  original  sketch,  or  a  new  sketch  may 
be  made  showing  only  such  data  as  will  be  needed  for  compu- 
tation or  plotting.  From  this  sketch  the  draftsman  can  see 
what  angles  are  to  be  plotted  (they  are  often  the  complements 
or  supplements  of  the  angles  measured  in  the  field),  or  if  the 
lines  are  to  be  plotted  by  latitudes  and  departures  this  sketch 
will  be  very  useful  in  the  preliminary  calculation. 

When  the  protractor  is  used,  no  further  preparation  is  neces- 
sary, as  the  lines  can  be  plotted  directly  from  the  data  on  the 
sketch.  When,  however,  the  more  accurate  methods  are  em- 
ployed, additional  data  will  be  needed  before  the  work  of  plot- 
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ting  is  begun.     The  additional  data  required  for  each  of  the 
different  methods  of  plotting  are  indicate  in  Art.  515,  p.  4Cd. 

Remark.     It  is  well  to  keep  all  sketches,  computations,  and  results  in  a 
separate-leaf  note-book,  such  as  that  described  on  p.  363. 

510.  Correcting  Measurements.  Paradoxical,  as  it  may 
seem,  the  more  accurate  the  field  work  the  more  imp>ortant  it 
may  be  to  correct  the  field  measurements,  for  in  order  to  obtain 
results  of  a  high  degree  of  precision,  certain  refinements  are 
necessary  which  are  entirely  omitted  in  ordinary  work.  The 
corrections  given  below  may  or  may  not  be  necessary,  depend- 
ing upon  the  nature  of  the  work.  They  are  usually  so  small 
that  they  are  not  needed  for  purposes  of  plotting,  but  they 
may  be  needed  for  purposes  of  calculation  or  for  permanent 
record. 

(a)  Linear  measurements  may  be  corrected  for  error  in  the 
length  of  the  tape,  p.  39,  for  error  due  to  temperature,  p.  40, 
and  occasionally  for  sag  and  pull,  pp.  41-42.  If  a  distance  is 
chsdned  along  a  slope  instead  of  in  horizontal  stretches,  the 
calculated  correction  is  applied,  p.  35.  In  the  caae  of  inclined 
stadia  readings,  corrections  are  made  as  explained  on  p.  480. 

(6)  Angular  measurements.  Few  corrections  can  be  applied  to 
angulair  measurements.  In  compass  surveying  bearings  affected 
by  local  attraction  may  be  corrected  as  explained  on  p.  297. 

511.  Adjusting  Measurements  means  changing  the  angles 
and  distances  given  in  the  notes  so  that  they  will  conform  more 
nearly  to  conditions  which  are  known  to  exist.  Adjustments 
are  usually  made  for  purposes  of  calculation,  not  for  plotting. 

(a)  Linear  measurements.  If  more  than  one  value  is  given 
for  a  distance,  the  mean  may  be  taken,  throwing  out  any  value 
that  is  obviously  incorrect.  When  only  one  value  is  given  it  is 
not  changed  unless  some  obvious  mistake  is  detected,  such  as 
an  even  hundred  feet  in  chaining  or  reading  from  the  wrong 
end  of  the  tape,  as,  for  example,  54  instead  of  46.  Sometimes 
several  consecutive  measurements  are  made  along  a  hne,  as  in 
taking  offsets;  when  their  sum  does  not  exactly  equal  the  total 
measurement,  if  it  is  worth  while  correcting  the  error  it  may 
be  distributed  among  the  partial  measurements  in  pK>portion 
to  their  lengths. 

(6)  Angular  measurement.  The  most  common  adjustment  of 
Angles  IB  in  the  case  of  a  closed  figure,  when  the  error  in  the 
0um  of  the  interior  angles  (p.  119)  may  be  distributed  equally. 
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When  a  number  of  angles  are  clustered  about  the  same  point, 
the  same  adjustment  may  be  made  in  order  to  make  their  sum 
equal  360^.  When  several  angles  at  the  same  station  are 
checked  by  measuring  another  angle,  the  error  is  distributed 
among  all  the  angles,  including  the  check  angle.  (See  p.  14.) 
One  should  not  be  tied  down  by  rules,  however,  for  it  is  often 
better  to  change  some  of  the  angles  without  changing  others. 
An  illustration  given  below  shows  how,  by  merely  changing  six 
of  the  twenty  angles  of  a  survey,  five  conditions  were  fulfilled. 
When  several  values  are  given  for  each  angle,  the  mean  value 
may  be  used.  The  mean  value  may  be  further  modified  if 
necessary  in  order  that  the  interior  angles  of  a  polygon  may 
add  up  correctly,  or  that  some  other  condition  may  be  fulfilled. 
Thus,  for  example,  in  class  work,  where  several  parties  work 
independently  but  use  the  same  stations,  mean  values  may  be 
found,  these  values  adjusted,  and  the  survey  plotted  from  the 
composite  values  thus  obtained. 

(c)  Remark.  It  must  be  remembered  that  in  many  cases  nothing  is 
gained  by  adjusting  the  measurements  given  in  the  field  notes.  The  pur- 
pose of  the  survey  and  the  limit  of  error  will  determine  whether  or  not 
adjustment  is  necessary. 

Sometimes  after  latitudes  and  departures  have  been  calculated  further 
adjustment  of  angles  and  distances  may  be  made.     (See  pp.  394-398.) 

\d)  lUuttration,  In  the  survey  on  page  390  each  distance  and  each  angle 
was  originally  obtained  by  taking  the  mean  of  several  measurements.  No 
further  adjustment  of  distances  was  possible.  The  angles,  however,  were 
adjusted  on  the  following  assumptions: 

(1)  In  the  two  five-sided  polj'gons  the  sum  of  the  interior  angles  must 

eaual  540°. 

(2)  In  the  one  four-sided  polygon  the  sum  of  the  interior  angles  must 

equal  360°. 

(3)  In  the  two  triangles  the  sum  of  the  interior  angles  must  equal  180°. 

(4)  The  sum  of  the  four  angles  at  Y  must  equal  360°. 

(5)  In  the  ten-sided  polygon  NOPQRSTUvWN,  the  sum  of  the  interior 

angles  must  equal  1440°. 

Since  it  was  not  desired  to  carry  any  angle  to  seconds,  the  adjustment 
was  made  by  changing  six  of  the  twenty  angles  as  indicated  in  the  figure. 
In  no  angle  did  the  change  exceed  one  minute. 

(«)  In  work  of  great  precteion  adjustment  of  observed  values  may  be 
made  by  the  method  of  least  squares;  this  is  a  theoretical  method  of 
deducing  the  most  probable  results  of  a  set  of  measurements.  If  some  of 
the  measurements  are  thought  to  be  more  accurate  than  others,  they  are 
given  weight  and  treated  accordingly.  Equations  are  formed  from  con- 
ditions known  to  exist,  probable  errors  are  calculated,  and  theoretical 
values  of  an^es  and  distances  are  deduced.  The  method  is  seldom  used 
in  ordinary  plane  surveying. 

512.  Calculating  Bearings.  If  the  bearings  of  lines  are 
needed  for  plotting  and  they  are  not  given  in  the  notes,  they 
may  be  calculated  by  the  method  explained  in  Chapter  XXX, 
provided  the  bearing  of  one  line  is  known.  For  purposes  of 
plotting,  however,  it  is  not  essential  that  the  bearing  of  even 
one  line  should  be  given,  for  the  relative  poBA.lv3tiS  ^\  %\aJC\s>rc®. 
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wiD  be  correct  if  the  bearing  of  any  line  be  assumed,  and  the 
bearings  of  the  other  lines  be  calculated  from  that  assumed 
value.  In  such  a  case  it  makes  little  difference  what  bearing 
is  assumed  to  start  with. 

Sometimes  a  true  meridian  is  established  in  a  survey  (Chap- 
ter XXVIII)  and  the  true  bearing  of  some  main  line  found  by 
measuring  the  angle  it  makes  with  the  meridian.  The  tame 
bearings  of  the  other  lines  can  then  be  calculated.  (See  p.  391 
for  an  example.) 

In  calculating  all  bearings  the  final  adjusted  values  of  an^es 
are  used.  Make  sure  that  bearings  are  consistent,  i.e.,  all 
forward  bearings  or  all  back  bearings. 

In  compass  surveys  the  magnetic  bearings  are  usually  jetted, 
for,  of  course,  no  calculated  bearings  are  possible. 

513.  Supplying  M issing  Data.  When  the  length  of  a  line  or 
the  value  of  an  angle  is  not  given  in  the  field  notes  it  can  often 
be  calculated  by  the  methods  explained  in  Chapter  XXXII. 
Notice,  however,  that  in  such  cases  there  is  no  check  on  the 
field  work,  and  hence,  as  pointed  out  in  the  note  at  the  begin- 
ning of  Chapter  XXXII,  closing  angles  and  distances  should  be 
measured  whenever  practicable. 

514.  Reducing  Stadia  Notes  means  finding  the  horizontal 
distance,  or  the  vertical  distance,  or  both,  for  each  sight  in 
which  the  vertical  angle  a  is  large  enough  to  be  taken  into 
account  (ordinarily  3°  or  larger,  see  p.  308).  The  formulas  for 
incUned  sights  derived  on  p.  303  are: 

Horizontal  di8tance=R  —  R  sin'  a-^-C  cos  a 

— i2  cos'  a-h  C cos  o. 
Vertical  distance      =/J4sin2o  +  C  sin  a. 

When  there  are  many  readings  to  be  reduced,  the  work  in- 
volved in  substituting  in  these  formulas  would  become  a  serious 
objection  to  the  entire  stadia  method.  Fortunately  the  terms 
R  cos'  a  and  R  J  sin  2a  are  independent  of  the  instrument  or 
the  linear  unit  used,  and  hence  their  values  for  different  vertical 
angles  can  be  computed  once  for  all  and  tabulated.  In  ordi- 
nary work  C  cos  a  is  practically  equal  to  C,  and  C  sin  a  is  often 
a  negligible  quantity. 

Three  different  devices  for  obtaining  the  value  of  R  cos'  a 
And  Jii  sin  2a  for  different  vertical  angles  are  in  conmion  use, 
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viz.:  (1)  Reduction  tables,  (2)  stadia  diagrams,  and  (3)  special 
torms  of  the  slide-rule. 

(a)  Reduction  tables.  In  some  tables  the  values  are  com- 
puted on  the  assumption  that  the  actual  intercept  on  the  rod 
{R)  is  imity,  as,  for  example,  one  foot.  Then  any  inclined  dis- 
tance, as  Fm  in  Pig.  379,  p.  306,  may  be  reduced  by  multiply- 
ing that  distance  by  the  tabular  value  corresponding  to  the 
vertical  angle.  In  other  tables  the  values  are  based  on  the 
assumption  that  i2~100,  and  hence  the  inclined  distance  is  di- 
vided by  100  (two  decimal  places  being  pointed  off),  before 
multiplying  by  the  tabular  v^due.  For  horizontal  distances  the 
constant  C  (nearly  equal  to  C  cos  a)  must  be  added  to  the  result, 
but  often  C  sin  a  may  be  neglected.  In  mmre  accurate  work 
C  cos  a  and  C  sin  a,  computed  for  several  of  the  most  com- 
mon values  of  C,  may  be  obtained  from  supplementary  tables, 
usually  given  at  the  bottom  of  the  main  table. 

Since  for  average  stadia  shots  of  100  ft.  or  over  the  measure- 
ment is  not  exact  beyond  the  figure  in  the  third  place,  i.e.,  the 
figure  in  the  fourth  place  is  uncertain  (see  p.  370),  not  more  than 
four  places  of  figures  shoiild  be  retained  in  any  result.  (See 
p.  371.)  Frequently  three  places  will  suffice.  Hence  an  or- 
dinary slide-rule  may  be  used  for  multiplying  tabular  values. 
The  next  best  method  is  that  of  abridged  multiplication  (p. 
365),  writing  the  extreme  right-hand  figure  of  the  reversed 
multiplier  under  the  fourth  place  of  figures  in  the  tabular 
value  regardless  of  the  position  of  the  decimal  point.  (See 
Art.  425  (5r),  p.  371.) 

(6)  Jllustration,  Given  a  stadia  reading  —  234,  vertical  angle  — 10**  22^, 
and  an  instrumental  constant  "1.25: 
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Notice  that  for  most  purposes  the  approximate  results  on  the  right  ar6 
accurate  enou^,  that  is  to  say,  the  extreme  right-hand  figure  of  the  reversed 
multiplier  may  be  written  imder  the  third  place  of  the  multipUcand  \sNsV.««k.^ 
of  under  the  fourth. 
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'  (c)  Stadia  diagrams.  It  is  an  easy  matter  to  construct  a 
diagram  that  will  give  fairly  accurate  results  for  vertical  angles 
up  to,  say,  8**  or  10°,  but  when  the  diagram  is  extended  to 
cover  15°  or  20°,  either  the  scale  must  be  reduced  at  a  sacrifice 
in  accuracy,  or  the  diagram  made  inconveniently  large.  Never- 
theless such  diagrams  are  very  useful,  especially  when  two  men 
work  together,  one  with  the  note-book  and  the  other  with  the 
diagram.  Results  can  be  obtained  much  more  quickly  than  by 
the  use  of  tables,  and  for  most  purposes  they  will  be  sufficiently 
accurate. 

Usually  separate  diagrams  are  prepared,  one  for  horizontal 
distances  and  one  for  differences  in  elevation. 

(jd)  Diagram  for  horizontal  distances.  The  simplest  form  may 
be  constructed  on  cross-section  paper,  on  which  there  are,  say, 
10  lines  to  the  inch  each  way.  (1)  Assume  the  origin  or  zero- 
point  in  one  corner  of  the  paper,  say  the  lower  left-hand  comer. 
(2)  Along  the  lower  edge,  number  every  tenth  (or  heavy)  ver- 
tical line,  the  numbers  running  100,  200,  etc.,  up  to  the  longest 
sight  taken  in  the  field,  say  1000  ft.  (3)  Along  the  right-hand 
edge  number  every  tenth  (or  heavy)  horizontal  line,  the  num- 
bers running  10,  20,  etc.,  thus  making  the  vertical  scale  ten 
times  as  large  as  the  horizontal.  (4)  Find  the  values  of 
1000  sin^  a  for  different  vertical  angles  1°,  2°,  etc.,  up  to  say 
15°  or  20°,  using  stadia  reduction  tables  or  computing  the 
values  by  trigonometry.  Lay  these  values  off  along  the  ordi- 
nate marked  1000,  using  the  vertical  scale,  and  draw  radial 
lines  from  the  origin  to  the  points  thus  obtained.  Mark  each 
radial  line  with  its  degree  number. 

<e)  Illustration.  Use  of  the  diagram.  Given  a  stadia  reading  R^AIO, 
vertical  angle  =  13**,  instrumental  constant  C  =  1.2.  Find  the  vertical  line 
next  beyond  the  one  numbered  400,  follow  up  this  line  to  its  intersection 
with  the  radial  line  marked  13°,  note  that  the  nearest  horizontal  line  is 
numbered  21,  and  estimate  the  reading  as  20.7.  Hence  410— 20.7  =» 389.3 
is  the  corrected  (horizontal)  distance,  and  adding  C»1.2,  the  final  result"* 
390.5  feet. 

(/)  Suggestions.     (1)  The  scale  adopted  depends  upon  the  accuracy  re- 

?uired,  the  maximum  length  of  sight,  and  the  maximum  yertical  angle. 
It,  for  example,  the  length  of  the  longest  sight  taken  in  the  field  is  less  than 
500  ft.,  there  is  no  advantage  in  extending  the  diagram  to  1000, — it  ia 
better  to  double  the  scale.  (2)  In  large  diagrams,  intended  for  accurate 
work,  intermediate  radial  lines  may  be  drawn  at  intervals  corresponding 
to  10  minutes  of  arc.  If  desired,  an  arithmetical  table  giving  values  ot 
C  cos  a  and  C  sin  a  for  several  values  of  C  at  5°  intervals  may  be  printed 
in  one  comer  of  the  sheet.  (3)  The  reason  that  the  vertical  ordinates  are 
plotted  for  values  of  R  sin^  a  instead  of  R  cos^  a  is  that  the  former  is  a 
small  quantity  which  changes  rapidly  for  small  angles,  while  the*  latter  is 
A  large  guanHiy  which  changes  slowly.     Notice  that  a  quantity  taken  from 

each  a  aiafpnm  must  he  subtracted  from  R,  and  C  added  to  get  the  final 

resuJt,     (Why?) 
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(g)  Diagrams  for  obtaining  differences  in  elevation  may  be  con- 
structed in  a  similar  manner,  the  vertical  ordinates  represent- 
ing values  of  J?  J  sin  2a.  The  two  diagrams  may  be  drawn  on 
the  same  sheet  without  conflicting,  by  laying  off  the  abscissas 
and  ordinates  in  the  second  diagram  along  the  two  edges  of  the 
paper  not  used  in  the  first. 

(h)  Remark.  A  number  of  modifications  of  the  diagrams  just  described 
have  been  devised  with  a  view  of  saving  space  and  increasing  accuracy. 
In  one  of  these,  given  in  Professor  I.  O.  Baker's  Engineers  Surveying 
Initrumenta,  p.  202,  the  values  are  laid  off  along  the  sides  of  triangles, 
equilateral  triangles  being  used  in  the  diagram  for  elevations.  A  combi- 
nation diagram  for  obtaining  horizontal  distances  and  elevations  is  given 
on  an  insert-sheet  of  the  Engineering  News,  Feb.  3,  1898j  and  on  p.  85 
of  the  same  issue  is  another  diagram  small  enough  to  go  m  the  back  of 
an  ordinary  field  book. 

(i)  Stadia  slide-rules,*  such  as  those  designed  by  Mr.  Wil- 
liam Cox  and  by  Mr.  B.  H.  Colby,  may  be  used  in  place  of 
tables  or  diagrams.  Accurate  results  can  be  obtained  with 
great  rapidity  after  a  few  minutes'  practice  in  the  use  of  these 
slide-rules.  The  few  simple  directions  necessary  are  furnished 
with  the  slide-rules. 

515.  Getting  Together  Data  for  Plotting— Summary. 
The  first  five  or  six  steps  are  practically  the  same,  regardless  of 
the  method  of  plotting  that  will  be  used. 

1.  Make  a  rough  sketch  showing  approximately  the  relative 
positions  of  stations. 

2.  Mark  on  the  sketch  the  lengths  and  angles  given  in  the 
field  notes  for  the  main  lines.  If  the  stadia  was  used  reduce 
the  inclined  readings  and  put  the  horizontal  distances  on  the 
sketch. 

3.  If  necessary  correct  the  measurements  for  errors  from 
different  sources  (p.  478). 

4.  If  desirable,  adjust  the  values  to  conform  to  known  con- 
ditions, as  explained  on  p.  478.  If  the  stadia  was  used  reduce 
inclined  readings  (p.  480). 

5.  Mark  the  final  values  of  angles  and  distances  in  red  ink  on 
the  sketch. 

6.  If  bearings  are  to  be  used  either  in  the  calculations  or  for 

E lotting,  start  with  the  bearing  of  one  line  and  calculate  the 
earings  of  the  others  (p.  479).,  (If  the  survey  was  made  with 
the  compass,  this,  of  coiyse,  is  not  done.)  Use  the  final  adjusted 
values  of  angles  in  calculating  bearings.  Enter  the  calculated 
bearings  on  the  sketch,  making  sure  they  are  all  forward  bear- 
ings. 

The  remaining  steps  will  differ  somewhat  according  to  the 
method  used  in  plotting. 

*  See  Catalogue  of  Keuffel  ond  Eaa^r  Cq, 
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(a)  Protr^nctormethod,  No  additional  data  are  required.  Work 
directly  from  the  sketch.  Angles,  bearings,  or  azimuths  m^ 
be  plotted. 

(h)  Tangent  method.  (1)  It  is  well  to  indicate  on  the  sketch 
the  lu^tual  angles  or  bearings  to  be  plotted,  as  many  of  them 
may  be  the  complements  or  the  supplements  of  those  previously 
marked  on  the  sketch.  (2)  Prepare  a  table  similar  to  that  on 
p.  465,  or  if  bearings  are  to  be  plotted,  similar  to  that  on  p.  469. 

(c)  Chord  method.  (1)  As  in  the  tangent  method,  indicate 
on  the  sketch  the  actual  angles  or  bearings  to  be  plotted.  (2) 
Prepare  a  table  similar  to  that  on  p.  465,  or  if  bearings  are 
plotted,  similar  to  that  on  p.  470. 

(d)  Latitude  and  departure  method.  (1)  Ck>mpute  the  latitudes 
ftnd  departures,  using,  of  course,  final  corrected  values  of  lengths 
and  bearings.  (See  pp.  393  and  394  for  forms.)  (2)  If  de- 
aired,  adjust  the  values  thus  obtained,  i.e.,  balance  the  survey 
(p.  395).  (3)  Tabulate  for  plotting  (p.  474),  and  find  the  size 
of  the  circumscribed  rectangle.  (A  complete  illustration  of 
working  up  notes  for  plotting  by  this  method  is  given  on  pp. 
390  to  394.) 

j  {e)  Azimuths.  If  azimuths  are  given  they  may  be  plotted  by 
chords  or  tangents,  tables  similar  to  those  on  pp.  469  and  470 
being  prepared,  or  latitudes  and  departures  may  be  calculated 
without  reducing  azimuths  to  bearings  (see  p.  387). 


CHAPTER  XLI 

PLOTTING  THE  MAP 


General  Methods  and  Suggestions 

In  plotting  the  map^  something  more  is  needed  than  a  mere  knowledge 
of  the  use  of  drawing  instruments  and  of  the  different  methods  of  pIQtt^^( 
traverses.  Practical  questions  arise,  such  as  the  choice  of  scale,  the  gen- 
eral arrangement  of  the%iap,  the  order  of  plotting,  the  pret^^utiopp  l^eces-. 
sary  to  insure  accuracy,  the  methods  of  checking  the  drawing,  of  plotting 
details,  of  interpolating  contours,  and  of  copying  maps.  These  questions 
are  discussed  in  this  chapter. 


516.  Equipment,  (a)  Paper,  (1)  If  maps  are  to  be  pren 
served  a  long  time  or  are  likely  to  receive  rough  usage,  the 
durability  of  the  paper  is  an  important  quality,  while  if  dis- 
tances are  to  be  scaled  with  accuracy,  the  paper  should  con- 
tract and  expand  as  little  as  possible  under  atmospheric  changes. 
These  two  qualities  are  best  combined  in  mounted  paper  or 
paper  backed  with  muslin.  For  penciling,  preparatory  to 
tracing,  almost  any  white  paper  will  answer,  provided  fine  Hnes 
can  be  drawn  and  its  surface  will  stand  erasing.  A  tough  bond- 
paper  is  best*for  maps  which  will  be  folded  (creased)  and  car- 
ried in  the  pocket.  For  maps  which  are  to  be  tinted,  mounted 
paper  is  reconmiended;  if  an  unmounted  paper  is  used  it  should 
be  of  high  grade,  with  a  surface  adapted  to  either  lines  pr 
wash — a  pebbled  or  egg-shell  surface  is  often  preferred.  For 
photo-reproduction  Bristol  board  or  a  hard  white  paper  with  a 
smooth  glossy  surface  is  the  best,  although  excellent  reproduc- 
tions can  be  made  from  tracings.  Tracing-cloth  should  be  of 
the  best  quality,  otherwise  ink  is  liable  to  strike  through; 
tracing-paper  may  be  used  when  only  a  few  prints  are  needed 
and  it  is  not  necessary  to  preserve  the  tracing  for  a  long  period 
of  time.  For  blue-prints  thin  tough  paper  will  usually  stand 
rough  handling  better  than  the  smooth  thick  paper,  but  prints 
are  likely  to  be  somewhat  inferior.     The  more  sensitive  a  paper 
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is,  the  quicker  it  deteriorates,  and  the  more  care  is  required  in 
handling  it  in  a  strong  light.  "Medium"  printing-paper  is 
recommended  for  most  purposes;  in  ordering  paper,  be  careful 
to  state  whether  quick-printing,  medium,  or  slow-printing  paper 
is  desired.     (See  p.  453.) 

(6)  Drawing  instruments.  The  edges  of  the  straight-edge,  the 
T-square,  and  the  triangles  should  be  straight.  This  is  more 
essential  in  map-drawing  than  in  almost  any  other  kind  of 
drafting.  (See  p.  438  for  test.)  The  angles  of  a  triangle 
should  be  true,  especially  the  right  angle.  (See  p.  439  ^or  test.) 
Straight-edges,  T-squares,  and  triangles  made  of  steel  are  usually 
the  most  accurate.  The  pencil  should  be  hard  (6-H)  and 
properly  sharpened.  (See  p.  438.)  The  ruling-pen  should  be 
of  the  very  best  quality,  and  the  points  should  be  kept  in  good 
condition.  (See  p.  44 1 . )  The  scale  should  be  a  decimal  scale  and 
its  graduations  should  be  accurate  and  definite.  The  surface  of 
the  drawing-board  or  table  should  be  a  smooth  plane.  These 
are  the  most  essential  requirements  for  instruments  used  in 
mapping. 

517.  Precautions  Necessary  in  Accurate  Plotting.  As 
the  edges  of  a  drawing-board  are  seldom  exactly  straight,  lines 
drawn  along  the  T-square  blade,  as  it  is  moved  up  and  down 
the  board,  are  seldom  exactly  parallel.  A  steel  straight-edgfe 
fastened  to  the  left-hand  edge  of  the  board  remedies  this  to 
some  extent,  but  even  then  there  is  apt  to  be  some  play  in  the 
blade  of  the  T-square,  and  hence,  in  very  accurate  work,  it  is 
better  not  to  rely  upon  this  method.  As  comparatively  few 
lines  in  maps  are  vertical  or  horizontal,  the  T-square  is  not  as 
necessary  in  plotting  as  it  is  in  other  kinds  of  drawing;  a  steel 
straight-edge  about  three  feet  long  may  be  used  in  its  place. 
All  important  reference  lines,  such  as  traverse  lines,  can  then  be 
plotted  entirely  by  measurement  without  depending  upon  par- 
allel lines  drawn  with  the  T-square  or  upon  perpendiculars 
erected  with  the  triangles.  (See  the  method  given  in  Caution, 
p.  473.)  Such  precautions,  however,  are  not  necessary  in  much 
of  the  plotting  done  in  ordinary  work. 

The  shrinkage  of  the  drawing-paper  may  be  another  source  of 

error.      If  the  map   is  4   or  o  feet   wide   the   change  in  the 

paper  Ls  frequently  as  much  as  }  inch,  and  sometimes  §  inch. 

The  more  seasoned  the  paper  the  less  it  will  shrink,  hence  it  is 

nc//  to  keep  paper  in  the  office  several  months   before  using  it. 
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In  plotting  new  details  on  old  maps  test  the  map  first  to  see  if 
shrinkage  has  occurred ,  and  if  it  has  make  proper  allowance 
for  it  in  plotting.  On  the  other  hand,  in  maps  which  have  been 
rolled  up,  test  for  expansion,  as  rolling  tends  to  stretch  the 
paper — a  good  reason  for  filing  maps  flat  when  possible. 

518.  General  Methods.  A  large  part  of  the  work  in  map- 
ping is  the  reverse  of  field  work;  distances  that  were  measured 
with  a  tape  or  chain  are  laid  off  with  a  scale,  and  angles  that 
were  measured  with  a  transit  or  compass  are  laid  off  with  a 
protractor.  Such  work  involves  no  calculation.  When,  how- 
ever, the  plotting  is  done  by  indirect  measurements,  that  is  by 
measurements  which  are  not  the  same  as  those  taken  in  the 
field,  these  indirect  measurements  must  be  obtained  from  the 
field  measurements  by  calculation,  as,  for  example,  when  angles 
are  plotted  by  latitudes  and  departures  or  by  any  of  the  trigono- 
metric methods. 

A  common  method  in  field  work  is  to  run  traverses  and 
locate  details  simultaneously  (p.  132),  but  in  mapping,  the 
traverse  lines  are  almost  always  plotted  first,  before  work  is 
begun  on  the  details.  The  plotting  is  done  in  pencil,  usually 
on  paper,  but  sometimes  directly  on  tracing-cloth,  and  after  the 
penciling  is  completed,  the  lines  are  inked.  If  only  a  single 
copy  of  the  map  is  desired,  the  pencil  lines  are  inked  directly 
on  the  paper,  but  if  more  than  one  copy  is  required  the  lines 
are  usually  traced  and  process  prints  made  from  the  tracing. 

519.  Method  of  Procedure  Outlined.  (1)  Choose  a  suit- 
able scale  for  the  map  (p.  489),  decide  upon  the  method  of 
plotting  traverse  lines  (see  p.  492),  and  work  up  the  field  notes, 
making  sketches  and  arranging  data  so  that  no  delay  in  plot- 
ting will  be  caused  by  searching  through  field  books  (Chapter 
XL).  (2)  Select  a  suitable  drawing-paper  (p.  485)  and  stretch 
it  on  the  drawing-board  until  it  lies  smooth  and  flat  (p.  445). 
(3)  Sharpen  a  6-H  pencil  to  a  round  point  at  one  end  and  a 
wedge-shaped  point  at  the  other  (p.  438).  (4)  Wipe  the  tri- 
angles and  T-square  clean,  and  brush  the  surface  of  the  paper. 
Throughout  the  work,  take  precautions  to  insure  neatness  (p. 
445).  (5)  Follow  the  directions  for  starting  the  map  given  on 
page  490.  (6)  Plot  the  traverse  lines  in  pencil  (Chapter 
XXXIX),  marking  each  station  with  its  letter  or  number.  Use 
hair  lines  and  prick  the  points.  Observe  correct  methods  oi 
penciling  (p.  446)  and  of   laying  off   nieaaMTemaw\j&  V:!^.  V^S^^, 
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Apt^y  ch^ks  continually  as  the  work  prognsases  (p.  494X 
(7)  Plot  details  iu  p^icil  (p.  495).  (8)  Ink  the  map  or  trace 
it.  Obserre  the  directions  on  pages  440  and  446  for  inking  and 
those  on  page  451  for  tracing.  (9)  Finish  the  map  (Chapter 
XLI),  making  sure  that  it  meets  the  requirements  given  in 
Art.  532,  p.  502.  (10)  If  blue-prints  or  brown  scdar  prints  are 
defiiied,  follow  the  directions  given  on  pages  453  and  454. 

520*  Scales*  (a)  The  most  common  scales  for  ordinary  maps 
are  those  in  which  the  number  of  feet  represented  by  one  inch 
is  EKnne  tntUtiple  of  ten.     In  general  these  scales  are  as  follows: 

Nature  of  the  Ma,p  Number  of  Feet  per  Inch 

Sniali  territory— many  details  10  20  30  40  50  60  80  100 
Large  territory— few  details     100  200        400  500      800  1000 

The  numbers  in  black-face  type  are  probably  the  scales  most 
frequently  used.  Notice  that  70  and  90  are  the  only  two  mul- 
tiples of  ten  below  100  that  are  not  included.  The  first  six 
(from  10  to  60  inclusive)  are  the  scales  usually  found  on  the 
six  sides  of  a  triangular  scale;  the  scales  of  80  and  100  c^m  be 
obtained  by  using  the  40  and  50  sides  respectively,  but  70  and 
90  have  no  such  corresponding  sides. 

(6)  The  so-called  natural  scale  is  one  in  which  a  given  dis- 
tance on  the  map  is  some  roimd  fraction  of  the  distance  it 
reptesents,  such  as  u^^,  jj^i-^,  etc.  Such  scales  are  used  for 
maps  of  large  territories,  e.g. ,  those  of  the  United  States  Coast  and 
Geodetic  Survey  and  of  the  United  States  Geological  Survey.* 
The  maps  of  the  former  are  usually  plotted  to  a  scale  of  Yshns» 
while  those  of  the  latter  are  mostly  plotted  to  a  scale  of  j^iinr 
and  then  reduced  in  lithographing  to  ^y^^nr  ^^  jagSoff  (about  1 
inch  and  2  inches  to  the  mile  respectively). 

(c)  Scale  Eqcivalexts  for  Various  Ratios  t 


feet 

Miles 

Meters 

Kilometers 

Ratio 

to  One  Inch 

to  One  Inch 

to  One  Inch 

to  One  Inch 

(Number  Ins.) 

100 

0.019 

30.480 

0.030 

1  :       1200 

400 

0.076 

121.920 

0.122 

4800 

600 

0.095 

152.400 

0.153 

6000 

800 

O.lol 

243.840 

0.244 

9600 

833i 

0.157 

254.000 

0.2.54 

10000 

1000 

0.189 

304.801 

0.305 

.     12000 

5280 

1.000 

1609.2 

1.609 

63360 

10560 

2.000 

3218.4 

3.218 

126720 

*  See  Gillespie,  Vol.  I,  p.  27,  for  scales  use<l  for  surveys  in  different  coun> 
fSee  WjJsoa's  Topographic  Surveying,  p.  447,  for  a  more  complete  table. 
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5H.  The  Choice  of  Spate.  Primary  cansideratlen^  \n 
choosing  the  scale  are:  (1)  the  use  to  which  th^  map  will  \ii^ 
put,  and  (2)  the  extent  of  territory  to  be  represented.  T\i\^ 
for  example,  if  distances  are  to  be  scaled  on  the  paap  to  th^ 
nearest  foot,  the  scale  should  be  at  least  as  large  ^s  1  in.  =  JOQ 
ft.,  and,  if  possible,  as  large  as  1  in.  =  40  ft.  For  a  small  m&P 
with  many  details,  such  as  that  of  a  city  lot  and  buildings,  a 
scale  as  large  as  1  in.  =  20  ft.,  or  even  1  in.  =  10  ft.,  is  preferably 
For  large  maps  with  few  details,  svich,  for  example,  as  th^  aver- 
age topographic  map,  scales  from  1  in.  =  100  ft.  to  1  h^  =  lOQO 
ft.  may  be  used.  In  the  excellent  survey  of  Baltimore,  lf{d., 
the  scales  adopted  were  1  in.  =  200  ft.  for  plotting  topograpl^p 
maps,  and  1  in.  =  40  ft.  for  property  maps.  Preliminary  surv^s 
for  railroads  are  usually  plotted  to  a  scale  of  from  100  to  500  ft. 
per  inch,  while  maps  of  mines  and  mining  claims  are  more  oiteu 
to  a  scale  of  100  or  200  ft.  to  the  inch;  of  course  maps  of  rail: 
roads  and  mines  made  for  special  purposes  are  often  drawn  to 
larger  scale.  Architects  usually  prefer  a  scale  of  1  in.  =  64  ft., 
or  1  in.  =  32  ft.,  or  1  in.  =  16  ft.,  or,  occasionally,  1  in.  =  4  ft.^to 
correspond  to  the  scale  which  they  use  for  the  plans  of 
buildings. 

The  scales  of  1  m.  =  20  ft.,  1  in.  =  40  ft.,  and  1  iu.«80  ft.,  all 
)iave  the  common  advantage  that  distances  may  be  scaled  ap- 
proximately with  a  carpenter's  rule  or  an  architect's  scal^,  since 
}  inch  equab  5,  10,  and  20  ft.  respectively.  Similarly  in  the 
scales  200;  400,  and  800  ft.  per  inch,  J  in.  equals  50,  100,  an^ 
200  ft.  respectively. 

Frequently  the  choice  is  restricted  to  some  scale  small  enp^g|l 
so  that  the  whole  map  will  fall  within  a  rectangle  of  given  size. 
The  dimensions  of  this  rectangle  are  sometimes  determined  by 
the  size  pf  the  blue-print  frame,  or  by  the  size  of  the  drawer  in 
which  the  map  v^  be  filed,  or  by  the  size  of  sheet  most  con- 
venient for  handling,  or  by  the  standard  size  adopted  for  sirni- 
lar  maps.  The  arrangement  of  the  map  must  be  taken  into 
account,  for  if  it  is  desired  to  have  the  north  at  the  top  and 
the  border  lines  square  with  the  compass  points,  it  may  be 
necessary  to  adopt  a  smaller  scale  than  would  otherwise  be 
used  (see  next  article).  When  it  is  desirable  to  choose  as  large 
a  scale  as  a  given  rectangle  will  permit,  it  is  often  expedient  to 
plot  the  traverse  hues  roughly  to  any  scale  in  prder  to  detei^ 
mine  the  shape  and  extent  of  the  survey. 
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(a)  Two  GENERAL  RULES.  I.  Chooss  a  scale  large  enough  so 
that  in  plotting  or  in  scaling  distances  from  the  finished  map  it 
will  not  be  necessary  to  read  the  scale  closer  than  yj^  inch.  (Allow- 
ance should  be  made  for  expansion  and  contraction  due  to 
atmospheric  changes.) 

II.  Choose  as  smaU  a  scale  as  is  consistent  with  a  dear  delineor 
tion  of  the  smallest  details  to  be  plotted,  due  regard  being  paid  to 
Rule  I.  In  topographic  maps,  especially,  it  is  an  advantage  to 
adopt  as  small  a  scale  as  practicable,  for  not  only  is  a  larger 
area  shown  on  each  sheet,  but  by  bringing  contour  lines  closa 
together  a  more  vivid  impression  is  given  of  the  real  nature  of 
the  surface  depicted. 

It  is  frequently  necessary  to  draw  maps  of  the  same  territory 
to  different  scales,  first  one  map  to  small  scale  showing  ihd 
region  as  a  whole,  then  other  maps  to  a  much  larger  scale,  each 
sheet  corresponding  to  a  portion  of  the  original  small-scale  map. 

522.  Arrangement.  It  is  desirable  to  arrange  a  map  witii 
the  north  at  the  top,  making  the  top  and  bottom  border-Hnes 
true  east-and-west  lines,  and  the  side  border-lines  true  north- 
and-south  lines.  Such  an  arrangement,  however,  is  seldom 
economical,  the  border-lines  forming  a  larger  rectangle  than  is 
necessary,  hence  some  other  arrangement  is  followed  when  it 
is  more  desirable  to  confine  the  map  to  a  small  si>ace  than  it  is 
to  have  the  border-lines  square  with  the  compass  points.  More- 
over it  often  is  best  to  have  the  natural  approach  to  a  piece  of 
property  at  the  bottom  of  a  map,  even  though  this  brings  the 
south  at  the  top.  For  example,  in  the  case  of  a  house  and  lot, 
it  is  natural  to  look  for  the  street  side  and  the  approach  to  the 
house  at  the  bottom  of  the  map,  even  though  this  may  bring 
the  south  end  of  the  lot  at  the  top. 

There  are  many  questions  of  arrangement,  such  as  where  to 
put  the  title,  the  meridian-needle,  and  the  explanatory  notes, 
which  do  not  have  to  be  settled  until  the  map  is  plotted  and 
ready  to  finish.     (See  Chapter  XLII.) 

523.  How  to  Begin  a  Map.  Usually  the  first  step  is  to  plot 
the  traverse  to  a  small  scale,  using  the  protractor  for  laying  off 
angles;  if  latitudes  and  departures  have  been  calculated,  it  is 
quicker  to  plot  by  coordinates  laid  off  on  cross-section  paper. 
This  preliminary  sketch  is  drawn  roughly  and  quickly  merdy 
to  giwQ  an  idea  of  the  general  shape  of  the  plot  and  the  space 

that  it  will  occupy. 
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(a)  Which  line  to  begin  with.  Unless  the  traverse  is  to  be 
plotted  by  codrdinates,  the  position  and  direction  of  some 
traverse  line  must  be  assumed  to  start  with,  and  its  length  laid 
off  to  scale.  In  a  closed  figure  it  is  well  to  begin  at  the  first 
station  and  work  half-way  around  the  polygon  in  either  direc- 
tion to  lessen  cumulative  errors.  For  the  same  reason,  in  a 
traverse  that  does  not  close  it  is  well  to  begin  near  the  middle 
and  plot  toward  either  end. 

(6)  How  to  assume  the  first  line,  A  starting-point  and  a 
direction  for  the  first  line  should  be  assumed  in  such  a  way  that 
when  the  other  lines  are  plotted  they  will  not  run  off  the  paper. 
In  this  the  preliminary  plot  referred  to  above  is  of  the  greatest 
assistance.  If  a  meridian  is  to  be  used  in  plotting,  it  is  con- 
venient to  make  it  a  vertical  line;  in  that  case  the  direction  of 
the  first  line  cannot  be  assumed ,  but  must  be  found  by  laying 
off  its  bearing  or  its  azimuth.  It  is  by  no  means  essential,  how- 
ever, that  the  meridian  should  be  a  vertical  line;  on  the  con- 
trary, there  are  many  cases  in  which  if  it  were  assumed  vertical 
the  map  would  not  fall  within  the  limits  of  the  paper.  It  is 
then  necessary  to  assume  the  first  line  in  the  proper  position 
as  judged  by  a  preliminary  sketch,  and  to  lay  off  its  bearing  or 
azimuth  backward  to  establish  the  direction  of  the  meridian. 
This  will  bring  the  east-and-west  line  oblique  to  the  T-square 
blade,  but  if  the  head  of  the  T-square  is  adjustable  the  blade 
can  usually  be  made  to  coincide  either  with  the  east-and-west 
line  or  with  the  north-and-south  line. 

For  the  reasons  just  given,  it  is  often  expedient  to  lay  off  the 

reference  rectangle,  used  in  plotting  by  coordinates,  so  that  no 

side  is  vertical  or  horizontal.     The  inclination  required  in  order 

that  the  lines  may  not  run  off  the  paper  is  estimated  by  means 

of  the  preliminary  plot  referred  to  above.     In  this  case  it  is 

often  inexpedient  to  draw  the  entire  reference  rectangle.     (See 

p.  .475)     Notice  that  the  size  of  the  reference  rectangle  is  known 

from  the  computations  (p.  473),  and  that  if  this  rectangle  can 

be  drawn  to  the  desired  scale  without  running  off  the  paper 

there  is  no  need  of  making  the  preliminary  plot. 

(c)  Remark.  No  matter  how  the  map  may  be  arranRed  with  respect  to 
the  edges  of  the  paper,  after  the  plotting  is  finished  border-lines  may  be 
drawn  in  any  desired  direction  and  the  sheet  trimmed  accordingly.  (See 
p.  504.) 

524.  Plottins^  the  Triangulation  Net.  In  extensive  sur- 
veys where  primary  stations  have  been  estaJoYi.^'e/Wsj  \xvas>L^B^- 
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latioti,  the  first  step  in  plotting  is  to  lay  out  the  triangulatiOD 
net.  The  lengths  of  the  sides  of  the  triangles  having  been  com- 
puted, the  lines  may  be  plotted  by  any  of  tlie  methods  of  plot- 
ting ttaverses.  Unless  the  method  of  coordinates  is  used  it  ia 
well  to  plot  first  those  stations  Ijdng  on  the  outside,  i.e.,  in  the 
perimeter  of  the  survey.  Sometimes  the  triangulation  net  may 
be  plotted  with  sufficient  accuracy  by  simply  swinging  int^- 
secting  arcs  with  radii  corresponding  to  the  lengths  of  the  sides 
of  the  triangles,  establishing  each  triangle  in  turn  by  this  method. 
Occasionally  a  station  may  have  to  be  plotted  by  the  three- 
point  method  (p.  462). 

525.  Plotting  Traverses.   (A  summary  of  Chapter  XXXIX.) 

1.  For  every  method  of  running  traverse  lines  in  the  field 
there  is  a  corresponding  method  of  plotting.  In  addition  there 
is  the  method  of  latitudes  and  departures. 

2.  In  accurate  work  the  ordinary  protractor  should  not  be 
used  for  plotting  traverses.  Use  it  for  checking  angles.  Even 
vernier  protractors  will  not  give  as  accurate  results  as  can  be 
obtained  by  other  methods. 

3.  The  tangent  method,  the  cosine  and  sine  method,  and  the 
chord  method  are  used  for  laying  off  direct  angles,  deflection 
angles,  bearings,  and  azimuths.  Latitudes  and  departures  are 
used  for  accomplishing  the  same  results  indirectly. 

4.  Transit  lines  must  be  plotted  with  more  than  ordinary 
care,  since  upon  them  the  accuracy  of  the  whole  map  depends. 
Use  hair  lines  and  prick  points. 

5.  Before  beginning  to  plot,  get  together  all  data  that  will  be 
needed,  including  the  tangents  or  chords  of  all  angles  to  be 
plotted  if  corresponding  methods  are  employed  (see  p.  484) 
or  the  two  columns  of  coordinates  if  latitudes  and  departures 
are  Used. 

(a)   FIVE   METHODS   OP   PLOTTING   TRANSIT  LINES 

(1)  Each  line  plotted  from  the  preceding  line,  (See  p.  464.) 
The  tangent  method,  the  cosine  and  sine  method,  or  the  chord 
method  is  used  for  laying  off  the  angle  (or  its  complement  or 
supplement).  A  base  of  10"  or  a  radius  of  10"  is  convenient 
to  use.  Check,  Test  the  bearing  of  the  last  fine,  and  if  there 
are  many  lines  apply  a  similar  check  at  every  fourth  or  fifth 
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(2)  Eadi  line  plotted  by  a  defletAum  angle.  (See  p.  466.)  A 
modification  of  the  preceding  method.  Used  in  railway  work 
and  other  similar  surveys.     Checks  same  as  in  (2). 

(3)  Each  line  plotted  from  its  bearing.  (See  p.  467.)  (1)  Draw 
a  20"  square,  subdivide  into  four  10"  squares  to  correspond  to 
the  four  quadrants  of  bearing,  plot  each  bearing  in  its  proper 
square  by  measuring  ten  times  the  tangent  along  the  side  of  the 
square.  A  better  method  still  is  to  make  one  10"  square  answer 
for  all  four  quadrants.  (2)  Draw  a  circle  20"  in  diameter, 
divide  into  quadrants  of  bearing,  and  plot  each  bearing  in  its 
proper  quadrant  by  its  chord.  Four  90°  arcs,  the  four  centers 
of  which  are  comers  of  a  10"  square,  may  be  used  in  place  of  a 
20"  circle,  but  no  advantage  is  gained  except  in  economy  of 
space.  Check.  Test  the  angle  between  traverse  lines  at  each 
station.  There  is  no  single  check  which  checks  all  previous 
courses. 

A  modification  of  this  method  is  to  draw  parallel  meridians 
through  the  stations,  and  to  lay  off  bearings  from  these  meri- 
dians. Another  method  is  to  draw  a  series  of  10"  squares.  (See 
p.  471.) 

(4)  Each  line  plotted  from  its  azimuth.  (See  p.  471.)  Practi- 
cally the  same  methods  cmi  bemsed  as  those  given  for  bearingsi 

(5)  Transit  lines  plotted  from  the  latitudes  and  departures. 
(See  p.  471.)  The  most  westerly  station  is  chosen  as  an  origin, 
and  each  station  is  plotted  by  its  two  coordinate  distances 
(1)  north  or  south,  (2)  east  from  the  origin.  The  coordinates 
are  computed  by  adding  algebraically  first  the  latitudes,  then 
the  departures,  starting  with  0  and  0  as  the  coordinates  of  the 
most  westerly  station,  and  finding  the  coordinates  of  each  suc^ 
cessive  station  in  order.  As  a  convenient  method  of  meas- 
uring the  coordinates  a  rectangle  is  drawn,  the  sides  of  the 
rectangle  passing  through  the  extreme  east  and  west,  north  and 
south  stations.  If  preferred,  two  coordinate  axes  through  the 
most  westerly  station  may  be  used  instead  of  the  rectangle. 
For  very  accurate  work  do  not  rely  upon  the  T-square  and  tri- 
angles, but  observe  the  caution  on  p.  473.  Check.  Measure  the 
length  of  each  traverse  line,  and  in  addition  test  the  angle  be- 
tween two  lines  if  one  line  is  nearly  parallel  to  a  coordinate  axis. 

(6)  Methods  of  plotting  traverses  are  compared  on  page  476. 
The  method  of  latitudes  and  departures  is  the  best  for  general 
work. 
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526.  Checks  Used  in  PMfiiis.  PrecaatkHis  and  diedks  are 
used  exfostantly  in  fieid  work;  amilar  ptccantioos  and  dkecks 
siiofiki  be  used  in  plotting  A  draftsman  can  acoomirfish  moie 
in  the  long  ran  if  he  will  ched^  his  work  as  he  goes  along.  No 
reliance  can  be  placed  upon  a  map  which  has  not  been  checked. 

Some  of  the  methods  giren  in  this  article  are  onlj  approxi- 
mate  checks  intended  to  disclose  blmiders  in  plotting,  but 
UonderSr  perhaps,  are  more  common  than  small  errors. 

(a)  Checks  for  linear  meaguremenU.  (1)  Any  straight  fine 
may  be  divided  into  two  or  more  segments,  each  segment  scaled 
separately,  and  the  sum  of  the  results  compared  with  the  loigth 
of  the  line  given  in  the  field  notes.  (2>  Several  lines  may  be 
scaled,  the  results  recorded  on  paper,  and  then  compared  with 
the  corresponding  distances  in  the  field  notes.  This  is  better 
than  to  look  up  a  distance  in  the  field  notes  and  then  scale  the 
corresponding  line,  for  in  the  latter  method  the  mind  is  preju- 
diced, and  any  mistake  made  originally  in  laying  off  a  distance 
may  be  repeated.  (3;  To  check  lines  of  a  traverse,  lay  a  paper 
straight-edge  on  the  drawing,  mark  off  the  lengths  of  the  lines 
consecutively  along  the  edge  of  the  i>aper,  each  line  beginning 
at  the  end  of  the  preceding  line,  and  scale  the  total  distance  to 
see  if  it  equals  the  sum  of  the  lengths  of  all  the  traverse  lines. 
This  method  is  (particularly  useful  when  the  plus-station  system 
of  numbering  (p.  147)  is  employed,  since  the  station  number  of 
each  mark  as  read  from  the  scale  may  be  compared  with  that 
given  in  the  notes.  (4)  When  two  points  are  plotted  by  in- 
direct meastu^ments,  always  scale  the  dbtance  between  them 
as  a  check.  Thus,  for  example,  when  two  sides  of  a  triangle 
have  been  laid  off,  scale  the  third  side  to  see  if  it  agrees  with 
the  length  given  in  the  field  notes.  This  method,  which  is 
often  a  check  on  angles  as  well  as  distances,  is  especially  useful 
in  checking  lines  plotted  by  latitudes  and  departures. 

(6)  Checks  for  angles.  (1;  To  check  an  angle  which  has  been 
laid  off  with  a  protractor,  measure  its  complement  or  some  other 
related  angle  which  requires  a  shifting  of  the  protractor,  instead 
of  checking  the  angle  itself.  (2)  Two  or  more  adjacent  angles 
may  be  tested  by  measuring  the  sum-angle.  (3)  Never  plot  an 
angle  by  the  chord  method  or  the  tangent  method  without 
checking  it  roughly  with  a  protractor.  (4)  In  plotting  traverse 
lines,  always  compute  the  azimuths  or  the  bearings  of  all  of  the 
lines,    II  the  lines  are  plotted  by  azimuths  or  bearings,  check 
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the  angle  between  the  traverse  lines  at  each  station,  and  vice 
versa  if  the  traverse-Une  angles  have  been  plotted  check  the 
azimuths  or  bearings,  as  more  fully  explained  in  the  preceding 
chapter.  The  aim  should  be  to  check  one  angle  by  measuring 
an  entirely  different  angle  to  avoid  repeating  mistakes. 

If  the  traverse  lines  form  a  closed  figure,  the  check  angles  may 
be  measured  with  the  protractor,  otherwise  measure  them  by 
some  method  as  accurate  as  that  used  for  plotting  the  original 
angles. 

Question.    What  check  often  employed  in  the  field  corresponds  to  the 
check  used  for  traverses  plotted  by  direct  or  deflection  angles? 

(c)  Combination  checks.  (1)  Check  a  reference  rectangle  by 
measuring  the  opposite  sides  and  also  the  diagonals  to  see  if 
they  are  equal.  (2)  If  a  traverse  closes,  not  only  should  the 
closing  line  pass  through  the  first  station  but  the  distance  from 
the  last  station  to  the  first  should  agree  with  the  distance  meas- 
ured in  the  field.  (3)  When  an  extra  distance  or  angle  has  been 
measured  in  the  field  as  a  check,  this  distance  or  angle  should  be 
tested  on  the  map. 

(d)  To  "  run  down  "  an  error.  If  traverse  Hnes  forming  a  poly- 
gon do  not  close  when  plotted,  the  error  may  often  be  "run 
down"  without  going  over  all  of  the  work  again,  by  making  the 
following  tests.  (1)  If  the  error  of  closure  is  in  a  direction  par-^ 
allel  to  some  Une  in  the  traverse,  test  the  length  of  that  line; 
if  it  is  'perpendicular  to  the  line,  test  the  bearing.  (2)  If  a 
traverse  has  been  plotted  by  direct  angles  or  by  deflection  angles, 
calculate  the  bearing  of  the  last  line  and  see  if  the  angle  between 
this  Une  and  the  meridian  agrees  with  the  calculated  value;  if 
it  does  the  directions  of  all  the  lines  are  probably  correct.  In 
that  case  test  the  lengths  as  directed  on  page  494.  (3)  If  by 
the  test  in  (2)  an  error  in  the  direction  of  the  last  line  is  found, 
apply  the  same  test  to  some  preceding  Une,  say  three  or  four 
stations  back.  Continue  to  make  the  test  until  a  line  is  found 
whose  direction  is  correct  and  then  work  forward  applying  the 
test  at  each  station.  (4)  When  Unes  have  been  plotted  by  bear- 
ings or  azimuths  no  single  test  can  be  made;  it  is  well  to  begin 
at  the  last  station  and  to  work  backward,  testing  the  direct 
angle  or  the  deflection  angle  at  each  station.  (5)  If  a  point  is 
obviously  wrong  and  the  mistake  is  not  easUy  foimd,  try  to 
arrive  at  the  same  point  from  some  other  direction.  (6)  Keep 
in  mind  the  effect  of  sUght  changes  in  the  bearings  oC.Iow%\ssnr5^, 
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and  of  fines  neariy  north  and  south  or  east  and  west.  (See  (3) 
and  (4),  p.  397.) 

5J7.  Plotting  Details.  In  Chapter  XIII  are  given  diffoient 
methods  of  locating  details  in  the  field  corresponding  to  the 
seven  methods  of  locating  a  point  given  on  page  4.  The  woric 
of  plotting  details  is  simply  the  reverse  of  that  done  in  the 
fi^d,  enough  points  bong  established  to  determine  tine  outlines 
of  the  details. 

(a)  Points  located  by  angles  and  distances.  Usually  the  di»- 
tanoes  from  the  station  to  the  points  located  are  comparatively 
short,  frequently  less  than  100  ft.  Moreover,  if  a  sUght  error 
is  made  in  plotting  a  point,  it  does  not  affect  the  entire  survey 
as  does  an  error  in  plotting  a  station.  Hence  in  plotting  details 
the  protractor  is  generally  used  for  laying  off  angles.  One  of 
the  most  convenient  forms  is  shown  on  page  456.  Usually 
there  are  a  number  of  points  located  from  the  same  station, 
and  as  fast  as  they  are  plotted  they  should  be  numbered  in  such 
a  way  that  there  will  be  no  difficulty  or  confusion  in  drawing 
the  outlines.  Frequently,  only  two  or  three  points  of  a  build- 
ing or  other  rectangular  object  are  given,  the  perpendicular 
sides  being  completed  with  the  triangle  and  scale. 

(6)  Points  located  by  angles  only.  Angles  are  laid  off  and  the 
lines  numbered  so  that  the  required  points  of  intersection  may 
be  found  without  confusion.  The  method  of  plotting  a  point 
located  by  the  three-point  method  is  explained  on  page  462. 

(c)  Points  located  by  linear  measurements  only.  Frequently 
the  right  angles  for  {>erpendicular  offsets  may  be  estimated  by 
eye,  especially  in  plotting  indefinite  details,  such  as  edges  of 
streams  and  roads.  A  point  located  by  two  intersecting  dis- 
tances may  be  plotted  by  swinging  two  arcs  with  the  com- 
passes, or  better  still  by  swinging  one  arc  and  using  the  scale. 
This  applies  especially  to  all  tie-hne  methods.  To  test  the 
straightness  of  a  Une  located  by  offsets,  such  for  example  as  a 
fence  line,  plot  the  offsets  on  another  paper  (cross-section  paper 
will  often  answer  the  purpose),  using  an  exaggerated  scale  for 
offsets  just  as  heights  are  laid  off  to  an  exaggerated  scale  in 
plotting  profiles.  This  is  especially  useful  in  determining 
boundaries. 

id)  General  suggetiions.  (1)  Keep  the  drawing  free  from  nnnt^wifniy 
lines.  Thus  in  pJottiDg  by  angle  and  distance  it  is  nut  necessary  to  draw 
radial  lines  clear  to  the  station;  draw  only  the  portions  near  the  pointa 
/owted.     iJkew'iie  dr»w  only  short  portiooa  of  intersecting  arcs. 
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(2)  Test  all  check  distances  or  angles.  For  example,  if  two  hoimes^  are 
plotted  independently  and  the  shortest  distance  between  them  is  given 
in  the  notes,  alwaj^  check  this  distance  on  the  map.  Likewise  test  W 
the  lines  given  as  checks.  If  an  an^e  is  given  to  a  point  not  for  tbe  pur^ 
pose  of  plotting  but  as  a  check,  the  field  work  in  measuring  the  ang^ 
goes  for  nothing  unless  the  angle  is  tested  on  the  map. 

(3)  Make  it  a  practice  to  plot  all  the  important  points  at  a  station  fir^t, 
such  for  example  as  the  main  comers  of  a  Wilding  or  of  a  street. 

(4)  Do  not  waste  time  in  trying  to  establish  some  one  point  which 
does  not  come  right.  After  a  reasonable  effort  to  locate  it  leave  it  and 
plot  the  nearby  points.  Frequently  when  they  are  plotted  the  location 
of  the  doubtful  point  will  be  evident. 

528.  Interpolating  a  Contour  means  plotting  a  number  of 
points  through  which  the  required  contour  passes,  by  interpo- 
lating each  point  between  two  points  already  plotted,  one 
higher,  the  other  lower  than  the  contour.  Assuming  the  ground 
to  slope  uniformly  between  any  two  points  used  for  interpola- 
tion, there  are  a  number  of  methods  of  finding  the  position  of 
the  required  point. 

(a)  Graphic  method.  When  the  siu^ace  of  the  groimd  has 
been  divided  into  squares  or  rectangles  and  the  height  of  each 
comer  is  given,  points  may  be  interpolated,  as  explained  on 
page  433. 

Remark.     Any  three  points  on  the  surface  of  the  ground  will  lie  in  some 

Slane,  but  it  is  not  often  that  more  than  three  points  lie  in  the  same  plane, 
[ence  if  a  point  is  foimd  by  interpolating  between  two  given  points  on 
the  map  it  cannot  bo  checked  by  interpolating  between  two  other  points. 
Thus,  for  example,  if  a  point  has  been  interpolated  between  two  diagonaH^lf 
opposite  comers  of  a  square,  it  is  not  likely  that  it  will  poincide  with  a 
pomt  interpolated  between  the  other  two  comers,  for  it  is  not  likely  that 
all  four  comers  lie  in  the  same  plane.  This  applies  especially  to  the  above 
method  of  interpolation,  but  it  should  be  kept  in  mind  in  interpolating 
by  any  of  the  other  methods. 

(b)  Tracing-cloth  method.  Let  A  and  B,  Fig.  528  (6),  be  two 
points  on  a  map  whose  elevations  are  30.3  and  32.7  ft.  respect- 
ively. It  is  desired  to  interpolate  two  points  whose  elevations 
are  31  and  32  ft.  A  piece  of  tracing-cloth  is  ruled  wjth  hori- 
zontal lines,  any  convenient  distance  apart,  each  space  represent- 
ing 0.1  ft.,  and  the  lines  representing  whole  feet  being  numbered 
from  0  to  10.  Any  point  on  the  line  representing  0.3  ft.  is  set 
at  A  and  held  there  by  a  prick  point.  The  tracing  is  then  swungp 
on  this  point  as  a  pivot  until  the  2.7-ft.  line  passes  through  B. 
The  points  where  the  1-ft.  line  and  the  2-ft.  line  crosses  AB 
are  pricked  through,  for  they  are  the  required  points.  Thus 
the  tracing-clpth  can  be  u§ed  over  £^n4  Qver  for  interpolating 
any  number  of  points. 
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(c)  Homt-made  device.  Let  the  parallelogram  in  Fig.  528  (c) 
represent  the  inside  edges  of  a  jointed  frame  with  paralld 
threads  stretched  across,  such 
as  that  shown  in  Fig.  528  (d). 
Let  it  be  required  to  inter- 
polate between  two  points,  A 
and  B,  whose  elevations  are 
52.3  and  58.6  respectively.  Set 
the  2.3  point  on  one  edge  at  A 
and  the  8.S  point  on  the  other 
edge  at  B.  Then  thread  5  will 
cross  /I  S  at  a  point  on  the  55-ft. 
contour.  Likewise  if  points  on 
the  53-,  54-,  56-,  57-,  and  58-ft 
contours  are  desired  they  will  be  where  the  corresponding 
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In  making  this  device  the  number  and  spacing  ot  threads 
will  depend  upon  the  conditions  named  in  the  auggestioaa  given 
above  for  drawing  lines  on  tracing-cloth.  The  directions  for 
making  the  particular  form  shown  in  Fig,  528  (rf)  were  given 


by  Mr.  I.  T.  Farnham  in  the  Engineering  Nmes,  July  3' 
This  is  one  of  the  best  of  a  number  of  devices  ii 
all  depending  upon  the  principal  of  similar  triangles.* 

529.  Accuracy  Required  In  Plotting.  The  same  consid- 
erations which  determine  the  accuracy  required  in  field  work 
(p.  7)  and  govern  the  choice  of  scale  (p.  489)  will  determine  also 
the  accuracy  required  in  plotting.  As  a  rule,  distances  should 
be  laid  off  as  accurately  as  the  scale  adopted  will  permit.  Not 
ail  parts  of  a  map,  however,  should  be  plotted  with  the  same 
accuracy.  Plot  accurately  things  located  accurately  in  the 
field — slight  things  shghted  in  the  field.  Thus,  for  example, 
traverse  lines  and  boundary  lines  should  be  plotted  accurately, 
but  indefinite  or  unimportant  details  such  as  river^banks,  paths, 
wood  roads,  and  contour  hnes  may  be  plotted  with  much  less 

530.  Speed.  The  suggestions  concerning  speed  in  field  work 
(p.  8)  hold  good  for  plotting  also.  Perhaps  nothing  contributes 
to  speed  more  than  working  up  the  field  notes  property,,  and 
getting  data  together  before  beginning  to  plot.  (Chapter  XL.) 
Free-hand  sketches  of  transit  lines  with  angles  and  distances 
marked  on  the  sketches  will  often  save  delay  in  looking  up 
not«s.  Skill  in  using  the  drawing  instruments  should  be  sup- 
plemented by  an  economical  method  ot  procedure.  Like  oper- 
aliana  should  be  grouped.     Thus,  for  example,  all  lines  that  can 

•  See  Sf<ir''uHri'>p  Newa.  1900,  Vol.  I,  pp.  21 1.  307,  410,  and  1900,  Vol.  II, 
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be  drawn  with  one  position  of  the  Tnsquare  and  tHangles  should 
be  finished  before  beginning  another  set  of  Unes.  When  the 
iscale  is  in  hand,  all  measurements  which  can  be  made  at  that 
time  should  be  laid  off.  Make  sure  that  the  skeleton  of  the 
survey  is  correct  by  systematic  checks  (p.  494)  before  plotting 
details. 

531.  Copying  and  Transferring  Maps.  Sevend  methods 
are  given  below. 

(1)  Pin  the  map  to  be  copied  on  the  drawing-board  with  a 
clean  sheet  of  paper  underneath,  and  prick  through  the  im- 
portant points  with  a  sharp  fine  needle.  Work  with  system 
so  as  not  to  omit  any  points,  and  when  the  upper  shfeet  is  re- 
moved find  first  the  points  which  determine  the  principal  lines 
and  then  work  up  the  less  important  details.  Several  copies 
can  be  pricked  at  once,  and  the  holes  in  the  original  map  may 
almost  be  obliterated  by  rubbing  them  on  the  back  of  the  sheet 
with  a  smooth  hard  substance. 

(2)  Copy  the  map  with  a  pantograph  (p.  443). 

(3)  Trace  the  map  and  print  it  on  blue  or  brown  process 
paper  (pp.  451  to  454). 

(4)  Rule  squares  of  any  desired  size  on  the  original  map, 
draw  an  .equal  number  of  squares  on  another  sheet  of  paf)er, 
and  plot  each  important  point  by  its  distances  from  two  sides 
of  the  square  in  which  it  is  located.  Unimportant  points  may 
be  located  by  eye.  If  it  is  desired  to  reduce  or  enlarge  the  map 
draw  the  squares  on  the  clean  sheet  to  a  smaller  or  larger  scale. 

(5)  Trace  the  map  on  thin  tough  tracing  paper,  rub  the 
reverse  side  of  the  paper  along  all  of  the  lines  with  a  soft  black 
pencil,  pin  the  paper  over  a  clean  sheet  of  drawing  paper, 
blackened  side  downward,  and  go  over  the  lines  with  a  sharp 
hard  pencil  under  moderate  pressure.  This  will  leave  a  faint 
tracing  on  the  clean  paper  which  can  be  inked  afterward.  While 
rubbing  the  lead  on  the  back  of  the  tracing  paper,  lay  the 
latter  on  a  hard  smooth  surface,  as  a  steel  triangle,  so  that  the 
lead  will  spread  evenly. 

(6)  Maps  may  be  copied  by  the  aid  of  light  from  beneath, 
just  as  small  tracings  on  thick  paper  can  be  made  by  holding 
the  two  sheets  against  a  window  pane.  The  map  with  the  clean 
paper  over  it  should  be  laid  on  a  sheet  of  glass  and  a  strong 
light  reflected  through  from  beneath.*    A  cloth  may  be  thrown 

*See  Engineering  News,  Dec.  29,  1904,  Cor  a  frame  modeled  after  a 
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over  the  head  to  exclude  all  light  except  that  which  comes 
through  the  glass. 

(7)  Maps  may  be  photographed — a  method  chiefly  used  for 
producing  small  copies  for  printed  reports  by  the  method  of 
photo-reproduction. 

Only  methods  (2),  (4),  and  (7)  can  be  used  for  copying  to  a 
different  scale  from  that  of  the  original  map.  Method  (3)  is 
the  most  common,  since  any  number  of  prints  can  be  made 
from  one  tracing.  Method  (4)  is  used  a  good  deal  for  drawing 
portions  of  government  maps  to  larger  Scale.  Method  (5)  is 
particularly  useful  in  city  work,  such  as  transferring  plots  of 
buildings  from  one  sheet  to  another. 

photographer's  retouchmg  frame,  And  also  for  a  tougfa-and-ready  expedient, 
for  camp  use  made  from  a  light  placed  in  a  box  or  barrel*  with  a  piece 
of  glass  acroBS  the  top. 


CHAPTER  XLII 


FINISHING  THE  MAP 


FiNisHiNQ  the  map  includes  such  work  as  inking,  tracing,  shading, 
coloring,  lettering,  water-lining,  putting  on  conventional  si^is,  designing 
titles,  drawing  meridian  needles,  ruling  border  lines,  and  cleuiing  the  draw- 
ing.   Directions  and  suggestions  for  this  work  are  given  in  this  chiu;>ter. 


532.  Requirements  for  Maps.  Certain  requirements 
ocfmnon  to  all  good  maps  are  given  below,  followed  by  addi- 
tional requirements  to  be  kept  in  mind  when  drawing  maps 
for  special  purposes. 

(a)  Specifications  for  iDorkmanship.  (1)  Clean-cut  ink  lines 
accurately  drawn  (p.  446) — plain  unmistakable  figures  (p.  27) 
— good  lettering  (p.  507) — symmetrical  and  orderly  arrange- 
ment (p.  504) — neat  appearance. 

(6)  What  in  general  should  appear  on  a  map.  (1)  A  neat, 
explicit  title.  (2)  The  scale  given  in  figures  and  also  drawn 
on  the  map.  (3)  A  meridian  needle  showing  the  direction  of 
the  true  meridian,  or  two  needles  showing  the  direction  of  the 
true  and  of  the  magnetic  meridian,  with  the  magnetic  declination 
given  in  fi^ires.  (4)  Important  data  such  as  the  date  and  the 
name  of  the  surveyor.  (5)  A  simple  border  line.  (6)  Explan- 
atory notes.     (7)  A  key  to  all  symbols  used. 

(c)  Remark.  In  some  cases,  as  for  example  when  maps  are  made  for 
photo-reproduction,  the  scale  is  drawn  but  not  given  in  figures.  When 
a  magnetic  meridian  adds  nothing  to  the  value  of  a  map,  as  is  often  the 
case,  it  is  better  to  draw  only  the  true  needle,  and  to  omit  the  value  of  the 
declination.  A  note,  however,  should  make  clear  that  it  is  the  true  and 
not  the  magnetic  needle  which  is  shown. 

(d)  Additional  requirements  for  an  ordinary  map  will  depend, 
of  course,  upon  the  use  to  which  the  map  will  be  put.  Assimiing 
that  this  consideration  governed  the  field  work,  it  is  probable  that 
any  data  which  appear  in  the  field  notes  (in  addition  to  those 
required  for  plotting)  should  appear  also  on  the  map.  The 
most  important  requirements  for  an  ordinary  property  map 
are:   (1)  Property  lines  indicated  as  such.     (2)  Lengths  of  all 
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boundary  lines  and  character  of  boundaries,  i.e.,  kinds  of  fences, 
etc.  (3)  Angles  at  the  intersections  of  boundary  lines.  (4) 
Points  of  intersection  (boundary  comers)  properly  referenced 
with  respect  to  permanent  objects,  and  all  monuments  marked 
as  such.  (5)  Street  lines,  curb  lines,  and  building  lines  clearly 
indicated  as  such.  (6)  Property  lines  of  adjoining  land  which 
intersect  the  boundaries  of  the  tract  surveyed  shown  and 
angles  given.  (7)  At  least  one  boundary  line  properly  refer- 
enced (by  offsets  and  bearing  if  possible,  see  remark,  p.  203). 
(8)  Names  of  the  proprietors  of  adjoining  land.  (9)  Names  of 
streets,  streams,  etc. 

(e)  Remark.  Incomplete  mai>s  are  sometimes  as  bad  as  inaccurate 
maps,  and  are  frequently  the  cause  of  boundary  disputes.  In  some  states 
good  laws  exist  prescribing  what  shall  appear  on  a  map  before  it  will  be 
received  for  public  record.  Amon^  such  requirements,  in  addition  to 
those  given  above,  are :  The  certificate  of  the  surveyor  that  the  plat  is 
a  correct  one,  and  that  the  monuments  described  in  it  have  been  planted 
as  therein  described;  also  the  acknowledged  signatures  of  all  persons 
possessing  title  to  any  of  the  land  in  the  tract,  and,  sometimes  those  o^ 
adjoining  owners. 

In  a  papfer  on  The  Ownership  of  Surveys  and  what  Conttitutee  a  Survey 
and  Map  Professor  William  G.  Raymond  discusses  the  requirements  for  a 
good  map,  and  makes  some  particularly  valuable  suggestions  concerning 
maps  intended  for  public  record.  This  paper  origmally  appeared  in 
The  Polytechnic,  the  student  journal  of  Rensselaer  Polytechnic  Institute, 
and  Is  reprinted  in  Professor  Raymond's  Plane  Surveying  and  also  in  Pro- 
fessor Johnson's  book  on  surveying. 

(/)  Requirements  for  topographic  maps  in  addition  to  those 
already  given  are:  (1)  Contours  shown  and  plainly  marked 
with  elevations  (p.  518).  (2)  Different  topographic  features 
indicated  by  conventional  signs  (p.  519).  (3)  Datum  (actual 
or  assumed)  given  in  a  note  (p.  527).  (4)  Different  portions 
of  the  map  tinted  with  different  colors  (p.  522).  This  last 
requirement  is  for  a  limited  class  of  maps  only. 

(g)  Remark.  Maps  for  special  purposes  must  meet  special  requirements, 
Thus,  for  example,  on  page  211  are  given  the  requirements  for  a  map 
made  for  an  architect.  Entirely  different  data  must  be  given  on  maps 
for  use  in  landscape  work,  mining,  railroad  work,  and  court  proceedings. 
The  aim  should  be  to  make  maps  for  such  purposes  explicit  and  complete 
like  a  working  drawing,  with  all  necessary  dimensions  and  explanatory 
notes. 

533.  The  General  Method  of  Procedure  in  finishing  a  map 
after  it  has  been  plotted  in  pencil  may  be  outlined  as  follows: 
(1)  Decide  upon  the  general  arrangement  of  border  lines, 
lettering,  etc.,  and  draw  the  working-limit  line.  (See  the  next 
article.)  (2)  Ink  in  the  main  lines  such  as  street  lines,  boundary 
lines,  etc.  (p.  506).  (3)  Ink  in  details  such  as  buildings, 
streams,  etc.  (4)  Letter  the  map,  putting  on  dimensions  and 
the  small  single-stroke  lettering  first,  b\X^  ^VL^\,<^Xk%  'vkifc  ^^ss^ssa. 
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of  struts,  streams,  property  owners,  etc.,  ip  pencil  if  ti^a 
\a  any  Ultelihood  of  the  email  lettering  interfering  with  or  crowd- 
ing the  priodpal  aaqkea  (p.  506).  (5)  P'inish  the  conveDtiona) 
gigna  if  there  are  any.  (6)  Print  the  title  smi  explanato^ 
note*  (p.  523).  (7)  Draw  the  meridian  needle  aiid  tt)e  sc^f 
(p.  536).     (S)  Draw  the  key  or  legend,  if  one  ie  necessary. 

Nott.  Th»  above  method  of  pmoedure  may  bs  (oilowed  whpOttt  thp 
map  ia  traced  or  inked  directly  on  the  drswioK  paper.  If,  however,  the 
map  is  to  be  tinted,  the  tints  may  ba  laid  aa  before  iokina.  thouch  nuwy 
(n^een  prefer  to  use  waterproof  inlc  and  to  Iw  on  the  linl  aflm-  iokin^i. 

534.  Arrangement,  (a)  Border  lines.  Draw  the  border 
linea  In  pencil.  If  they  are  to  be  square  with  the  povate  of  tlie 
compass  (a  question  discussed  on  page  490)  one  side  of  the 
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Fia.  534. 
rectangle  is  either  drawn  parallel  to  a  meridian  line  or  else 
plotted  from  a  line  of  known  bearing.  If  the  directions  of  border 
lines  are  immaterial,  draw  the  smallest  rectangle  consistent 
with  a  good  arrangement  of  (he  map  as  a  whole.  Space  must 
be  provided  for  a  title,  a  meridian  needle,  and  the  necessary 
explanatory  notes.  Draw  a  pencil  guide  line  nbsut  t  in.  inside 
.  of  the  border  line;  no  line  of  the  map  should  extend  beyond 
this  mtrking  limit.     Draw  another  pencil  line  from  1  to  1 J  ill. 
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outside  of  the  border  line  which  will  be  the  edge  of  the  finished 
drawing  after  it  is  trimmed.  Avoid  making  a  map  square,  or 
with  its  vertical  edge  much  longer  than  its  horizontal  edge. 
In  Fig.  534  the  over-all  dimensions  are  such  that  the  tracing 
will  fit  inside  of  a  standard  blue-print  frame  designed  for  sheets 
of  "double-elephant"  size.  (See  p.  523  for  inking  border  lines.) 
(6)  Lettering.  Having  decided  which  edge  of  the  map  is  to 
be  the  top  (see  p.  490),  print  words  and  dimensions  so  that  they 
can  be  read  when  either  the  bottom  or  the  right-hand  edge  of 
the  map  is  held  next  to  tlie  b3dy,  i.e.,  print  from  left  to  right 
and  from  the  bottom  upward.  In  only  one  case  should  the 
printing  read  downward — when  the  line  extends  in  the  general 
direction  of  a  diagonal  from  the  upper  left-hand  corner  to  the 
lower  right-hand  corner  of  the  map.  (See  p.  517.)  It  is  a  very 
conmion  mistake  for  beginners,  working  from  different  edges 
of  the  drawing-board,  to  put  on  dimensions  and  words  upside 
down,  especially  dimensions.     (See  Fig.  534.) 

(c)  Titles,  The  best  place  for  a  title  is  in  the  lower  right- 
hand  comer,  for  in  searching  through  a  pile  of  maps  it  is  con- 
venient to  raise  simply  the  lower  comer  of  each  map  without 
disturbing  the  pile  until  the  title  of  the  map  sought  for  is  ex- 
posed to  view.  Frequently,  however,  there  is  no  room  for  A 
title  in  the  lower  right-hand  comer,  or  there  is  a  much  larger 
vacant  space  elsewhere  in  which  it  is  desirable  to  place  the  title 
for  the  sake  of  a  synunetrical  appearance.  For  the  same  reason 
the  meridian  needle  and  explanatory  notes  are  placed  in  the 
most  open  space,  though  as  a  rule  the  explanatory  notes  should 
be  near  the  title,  and  the  meridian  needle  near  the  bottom  of 
the  map.  Never  place  the  title  inside  of  the  property  mapped, 
(See  page  523  for  size  of  title.) 

(d)  Names  of  stteets,  streams,  property  owners,  etc.,  are  placed  in 
vacant  spaces  where  they  will  catch  the  eye,  but  not  where  they 
will  obscure  any  part  of  the  map.  If  possible  place  the  names 
of  a  street  in  the  center  of  that  street,  and  the  name  of  a  proper  y 
owner  parallel  to  the  boundary  line  between  his  land  and  the 
property  mapped. 

(e)  Final  suggestions  for  arrangement.  (1)  Put  on  necessary 
dimensions  before  printing  words,  and  do  not  put  on  either 
until  the  lines  of  the  map  have  been  inked.  (Note  an  exception 
in  section  liiiing,  p.  522.)  (2)  Ink  the  border  line  last — it 
may  have  to  be  changed  slightly.     (3)  ^Vvevi  >N<3tVva%  «k:v  v^s^a 
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miscellaneous  small  lettering,  plan  to  leave  space  for  the  names 
which  require  large  letters — ^it  is  frequently  expedient  to  sketch 
the  latter  roughly  in  pencil  first. 

535.  Inking.  (1)  Make  sure  that  the  ruling  pen  is  in  good 
working  order  before  beginning  to  ink  (p.  440).  (2)  Make  the 
lines  clear  cut  and  fairly  heavy  especially  on  tracings — the  general 
tendency  is  to  make  lines  too  light  (p.  451).  Widths  of  lines 
may  vary  according  to  their  importance,  but  use  the  same 
width  of  line  for  like  details.  (3)  Be  careful  to  follow  the 
pencil  lines  exactly.  Of  what  avail  is  it  to  plot  accurately  in 
pencil  only  to  lose  accuracy  in  inking?  (4)  Follow  the  general 
directions  for  inking,  page  446.  (5)  Ink  the  lines  in  the  order 
of  their  importance,  the  most  important  lines  first.  (6)  Edges 
of  streams  and  similar  indefinite  lines  should  not  be  ruled  but 
should  be  drawn  free-hand  zigzagging.  Use  a  ruling  pen  or 
a  contour  pen  for  free-hand  work  to  secure  a  imiform  width  of 
line.  (7)  The  map  will  ''stand  out"  better  if  portions  of  the 
outlines  of  details  are  drawn  heavy,  i.e.,  if  outline  shading  is 
employed,  as  in  working  drawing.  (See  the  next  article.)  (8) 
It  is  not  customary  to  ink  the  traverse  lines,  but  if  they  are 
shown  at  all  they  are  usually  drawn  in  red  ink.  If  it  is  desired 
to  show  the  location  of  stations  this  may  be  done  without 
inking  the  traverse  lines  by  merely  drawing  a  very  small  circle 
in  red  ink  around  each  station  point;  small  equilateral  tri- 
angles are  used  for  triangulation  stations.  In  some  mapMS  such 
as  those  of  mines  it  is  important  to  show  all  stations.  (9)  The 
dashes  in  broken  lines  should  be  short  and  close  together, 
thus: 

536.  Outline  Shading.  City  blocks,  buildings,  bridges, 
outlines  of  land  against  water  and  similar  objects  should  be 
shaded  as  projections,  while  streams,  lakes,  streets,  and  road- 
ways should  be  treated  as  depressions.  Thus,  for  example,  if 
the  top  of  the  map  is  north,  the  south  and  east  sides  of  a  building 
are  the  heavy  lines,  while  in  the  case  of  a  stream  it  is  the  north 
and  west  banks  that  are  shaded.  In  the  free-hand  shading 
of  coast  lines  or  roadways,  half  or  quarter  strength  shade  lines 
at  the  proper  angle  are  sometimes  used. 

537.  Use  of  Colored  Inks.  Lines  which  represent  existing 
features  are  almost  invariably  drawn  in  black,  but  proposed 
changes,  such  as  a  new  layout  for  a  road  or  a  change  of  grade 

/or  a  street,  are  usually  shown  in  red.    Contour-lines  are  fro- 
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quently  drawn  in  sepia  or  seal-brown,  and  water-lines  in  blue 
(except  on  tracings).  These  are  the  principal  colors  used 
unless  a  map  is  tinted.  On  special  maps  additional  colors  are 
used  to  bring  out  different  features,  as,  for  example,  when  the 
workings  in  the  different  levels  of  a  mine  are  shown  on  the  same 
plan  and  a  different  color  is  used  for  each  level.  Dimension 
lines  are  usually  drawn  in  red  with  black  arrow-heads. 

(a)  Prepared  colored  inks  furnished  in  bottles  are  often  unsatisfactory 
and  deteriorate  rapidly.  Test  by  drawing  several  lines  as  wide  as  will  be 
required  on  the  map.  If  the  ink  seems  thin  and  gathers  at  the  end  of  the 
stroke,  leaving  the  end  of  the  line  a  more  pronounced  color  than  other 
portions,  it  should  be  rejected.  If  water-proof  qualities  are  not  desired 
the  most  satisfactory  colors  can  be  obtained  by  mixing  water-colors  with 
just  enough  water  to  make  the  mixture  flow  readily  from  the  pen.  Use 
scarlet  vermilion  for  red,  burnt  sienna  for  brown,  and  Prussian  blue  for 
blue. 

538.  Tracings.  General  directions  for  tracing  are  given  on 
p.  451.  .Most  of  the  directions  for  finishing  a  map  in  ink 
(Art.  535)  apply  also  to  tracing.  If  colored  inks  are  used  it 
should  be  remembered  that  colors  known  as  ** earths,"  such  as 
deep  yellows  and  browns,  will  give  the  whitest  lines  on  blue- 
prints, while  blues  will  almost  vanish  in  printing  as  they  offer 
little  resistance  to  the  sun's  rays.  Many  of  the  prepared  red 
inks  will  give  only  faint  lines,  but  a  scarlet  vermilion  water-color 
(Art.  537  (a))  will  give  fairly  white  lines. 

When  the  map  has  been  traced  on  the  smooth  side  of  the 
cloth  a  nice  finish  can  be  given  by  rubbing  colored  pencils  on 
the  reverse  or  rough  side,  using  the  conventional  tints  given  on 
page  523.  Hold  the  pencil  flat  to  spread  the  tint  quickly  and 
evenly,  then  use  an  old  dried-up  eraser  to  rub  the  color  down 
imtil  it  is  free  from  streaks  and  as  uniform  as  a  wash  tint.  Too 
soft  an  eraser  will  take  the  tint  off  instead  of  rubbing  it  in. 
Finish  by  rubbing  with  a  cloth.  The  tracing-cloth  will  only 
take  about  so  much  color.  Lighter  tints  may  be  obtained  by 
rubbing  less  color  on  in  the  first  place.  For  streams  and  bodies 
of  water  the  deepest  blue  is  near  the  shore-lines  and  this  is 
gradually  worked  out  to  almost  no  color  in  the  center.  Some- 
times excellent  effects  may  be  obtained  by  section-lining  in 
color  instead  of  spreading  colors  evenly.  For  lettering  tracings 
by  shifting  letters  underneath  see  page  517. 

539.  Lettering.*  Good  lettering  does  not  depend  to  such 
an  extent  as  is  generally  supposed  upon  ability  to  handle  a 

*  The  singlenstroke  system  of  lettering  has  already  been  ex^lavckft^  <:^^ 
pages  24  to  29,  aud  hence  this  article  deals  maviAv  mX>Q.\'e>xx«v^  >«\cv.05x  ^'ft»sx'5>'v4 
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pen.  If  letters  are  properly  formed,  well  proportioned,  and 
well  spaced  the  general  effect  will  be  pleasing  even  though  the 
strokes  are  made  free-hand  and  are  ragged.  A  knowledge  of 
the  essentials  of  good  lettering  is  all  the  more  important  when 
the  ruling-pen  and  straight-edge  are  used,  for  the  mere  fact 
that  the  letters  are  not  drawn  free-hand  indicates  that  an  extra 
effort  was  made  to  do  good  work,  and  hence  extra-good  results 
may  be  expected.  Letters  in  the  same  word  belonging  to 
different  styles  of  alphabets,  and  letters  too  wide  or  too  narrow 
for  their  heights^  are  defects  which  show  ignorance,  and  no 
mere  skill  in  execution  can  atone  for  this.  A  knowledge  of 
the  forms  and  proportions  of  the  letters  in  at  least  one  good 
standard  alphabet,  such  as  the  Gothic,  may  be  gained  in  a 
very  short  time  and  will  go  far  toward  helping  the  beginner 
to  do  satisfactory  lettering. 

(a)  Style  op  letters.  Letters  on  maps  should  be  simple. 
Ornate  letters  indicate  extra  effort  to  produce  good  effects, 
and  when  they  are  poorly  executed,  as  they  frequently  are,  the 
failure  is  more  pronounced  than  if  only  a  simple  dignified  style 
had  been  attempted.  Poor  lettering  may  ruin  the  appearance 
of  a  map,  but  it  is  not  necessary  to  go  to  the  other  extreme  and 
to  give  to  lettering  an  undue  prominence.  Too  often  time  wasted 
in  ornamental  lettering  could  have  been  used  to  advantage  in 
plotting  the  map  more  accurately,  and  occasionally  such  letter- 
ing is  used  to  impress  the  uninitiated  with  the  excellence  of  a 
very  poor  map. 

There  are  two  standard  alphabets  which  form  the  basis  of 
map  lettering,  i.e.,  Gothic  and  Roman.  Capital  letters  of  the 
Roman  style  are  simple  and  very  effective.     They  are  perhaps 

be  made  wi+h  single  strokes.  It  is  not  the  intention  to  treat  the  subject 
of  lettering  in  detail,  but  rather  to  guide  the  student  in  his  study  of  books 
on  lettering,  especially  those  recommended  below. 

"Lettering,"  by  C.  E.  Sherman,  C.E.  (Midland  Publishing  Co.,  Columbus. 
Ohio).  Especially  good  for  forms  and  proportions  of  letters,  for  order  and 
sequence  of  strokes  in  forming  letters,  and  as  an  all-around  book  on  map 
lettering. 

" Lettering  for  Draftsmen,  Engineers,  and  Student'."  by  Charles  W. 
Reinhardt  (The  D.  Van  Nostrand  Publishing  Co.,  New  York).  Especially 
good  for  single-stroke  free-hand  lettering. 

"Plain  Lettering,"  by  Professor  Henry  S.  Jacoby  (Engineering  News 
Publishing  Co.,  New  York).  Gives  in  detail  the  exact  form  and  pro- 
portions of  letters  of  different  styles,  and  also  definite  rules  for  spacing. 
Especially  adapted  for  exact  work  with  instruments. 

'•Free-Hand  Lettering,"  by  Victor  T.  Wilson,  M.E.  (John  Wiley  & 
Sons).  An  admirable  presentation  of  "the  development  of  a  letter,  a  word, 
or  )mes  of  words  by  the  sketch  method,  analogous  to  that  used  in  other 
£ree-hand  drawing. 
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the  most  beautiful  of  all  letters,  but  the  spurs,  delicate  serifs, 
and  hair-lines  are  difficult  to  draw,  and  if  not  executed  well 
they  are  especially  noticeable  because  the  eye  is  so  accustonied 
to  the  comparatively  perfect  forms  in  ordinary  type.  The 
student  is  therefore  advised  to  adopt  the  Gothic  style  and  to 
stick  to  it  until  he  has  become  skillful  enough  to  undertake  the 
other.  One  alphabet  thoroughly  metered  wilj  pave  the  way 
to  another.  Letters  may  be  drawn  upright  or  inclined.  It  is 
somewhat  easier  to  secure  a  uniform  appearance  if  the  letters 
are  inclined,  since  slight  variations  fropi  the  stai^dard  slope 
are  less  noticeable  than  equal  variations  from  the  verticrf. 

(6)  The  general  method  of  procedure  is  to  draw  top  and 
bottom  guide-lines  in  pencil,  to  block  out  the  letters  with  a  sharp 
pencil,  and  then  to  ink  them  with  a  writing-pen.  Even  an  expert 
usually  requires  a  bottom  guide-line,  and  the  beginner  will  need 
one  at  the  top  also. 

(c)  The  size  op  letters  depends  upon  the  importance  of 
the  object  described,  the  scale  of  the  drawing,  and  the  size  of 
the  map.  The  following  proportions  are  approximately  those 
suggested  by  Professor  Charles  McMillan:* 

Scale 

^^  or  1  inch=  50  ft. 
T^or  1  inch '^  200  ft. 
y^  or  1  foot=  1  mile 

In  the  author's  judgment  the  heights  given  above  for  capital 
letters  should  be  reduced  0. 1  inch  in  each  case.  Gothic  capitals 
0.5  inch  high  are  large  enough  for  most  maps,  and  often  0.3 
inch  is  a  better  height. 

Frequently  it  is  the  size  of  the  map  and  not  the  scale  which 
determines  the  heights  of  letters.  Thus  another  writer  suggests 
that  "As  a  rule  no  letter  should  exceed  0,03  of  the  length  of 
the  shorter  border  of  the  drawing  on  which  it  appears."  It 
would  seem  as  if  this  rule  places  the  limit  too  high  for  ordinary 
maps,  and  that  ^  of  the  length  of  the  shorter  border  is  a  better 
maximum  height  for  letters.  The  tendency  is  to  make  letters 
too  large — they  should  not  "stare  one  in  the  face"  upon  pick- 
mg  up  a  map. 

♦Sherman's  "Lettering,"  p.  IS. 


Height  of 

I^argest  Uoright 

Capitals 

Height  of  Small 
Letters  for  Ex- 
planatory Notes 

0.6  inch 

0.12  inch 

0.5  inch 

0.10 

0.4  inch 

0.06  inch 
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(d)  Proportions  op  letters.  A  good  unit  used  in  pro- 
portioning letters  is  on&sixth  the  height^  and  the  width  of  a 
letter  may  be  expressed  in  terms  of  this  imit.  The  widths  of 
Gothic  capitals  may  be  given  as  follows:  * 

J  is  4  imits  wide 

Lis  4i  " 

F,  H,  N,  P,  and  U  are                    4J  "        " 

p.  E,  R,  and  S  are  4i  " 

D,  T,  V,  and  Z  are  5  " 

A,  C,  a  K,  O,  Q,  X,  andY  are5i  "        " 

Mis  6  "        " 

Wis  7i  '*        *' 

The  letter  |  is  one  unit  wide,  and  this  is  the  width  of  the 
stems  of  all  of  the  letters.  Although  the  first  step  in  proportion- 
ing a  letter  is  to  determine  its  width,  it  is  also  necessary  to 
observe  other  proportions.  These  proportions  may  be  studied 
from  a  chart  in  which  each  letter -is  outlined  upon  a  surface 
divided  into  unit  squares.  (See  pp.  511  to  515.)  In  ordinary 
work  letters  are  so  small  that  these  squares  are  not  drawn, 
proportions  being  estimated  by  eye.  Proportions  are  arbitrary 
and  may  be  varied,  but  imtil  the  beginner  has  acqiured  a  sense 
of  proportion,  he  should  be  guided  by  the  letters  in  Plates  I 
to  VI,  pp.  511  to  515. 

(e)  Penciling  the  letters.  Use  a  hard  pencil  with  a 
sharp  point.  Penciling  should  be  done  with  care,  for  if  the 
letters  are  not  well  proportioned  and  well  spaced  in  pencil 
they  are  seldom  improved  in  inking.  When  the  Gothic  letters 
are  too  large  for  single  strokes  proceed  as  follows:  (1)  Rule  top 
and  bottom  guide-lines.  (2)  Place  a  dot  )  of  height  above 
bottom  guide-line,  thus  estimating  once  for  all  the  unit  for 
proportioning  and  for  the  thickness  of  stems.  (3)  Block  out 
the  letters  in  pencil,  using  limiting  verticals  or  "width-lines.** 
The  distance  between  the  "width-lines"  for  any  letter  is  given 
above  in  imits  of  J  the  height;  to  estimate  this  distance  draw 
the  left-hand  width-line  and  place  a  dot  on  one  of  the  guide- 
lines 6  imits  to  the  right,  as  if  the  letter  were  to  occupy  a 
square,  then  cut  off  or  add  to  this  square  the  necessary  space 
according  to  whether  the  letter  is  narrower  or  wider.    This  is 

♦Shemwn's  "Lettering,"  p.  8* 


FINISHING  THE  MAP 


611 


done  by  eye,  no  measurements  being  made.  It  is  better  to 
finish  one  letter  before  drawing  the  width-lines  for  the  next  in 
order  to  space  correctly.  In  drawing  any  letter  there  are  two 
things  to  observe:  (a)  the  sequence  of  strokes  and  (6)  the 
placing  of  dots  to  secure  proper  proportions.  Thus  in  the  Hi 
Plate  I,  the  first  four  strokes  are  vertical  strokes  and  the  dot 
half-way  up  is  made  before  strokes  5  and  6.  In  most  letters 
the  strokes  on  or  near  the  width-lines  are  made  first,  followed 
by  parallel  strokes.  In  letters  like  fH,  Ni  K«  W?  and  Y  ^^^ 
placing  of  one  or  more  guiding  dots  is  very  important. 

Remark.  The  directions  given  are  for  lettering  on  paper.  In  letterina 
on  tracing-cloth  numy  devices  may  be  used  for  shortening  the  work,  such 
for  example  as  a  sheet  ruled  in  squares  to  slip  under  the  cloth,  or  one  on 
which  inclined  lines  have  been  ruled  to  aid  in  getting  inclined  lettering 
at  the  proper  slope. 

(/)  A  STUDY  OF  THE  GoTHic  CAPITALS  in  detail  is  given  below.* 
The  order  of  strokes  may  be  varied  somewhat,  but  in  practicing 
it  is  well  to  observe  that  given  below  for  each  letter.  Consult 
the  letters  in  the  upper  row  of  each  plate  for  proportions,  and 
those  on  the  lower  row  for  methods  of  construction.  Peculiari- 
ties of  some  of  the  letters  can  be  learned  easily  at  the  outset— 
for  example:  the  horizontal  bars  of  H'  E;  F^  ^^d  B  ^i*^  more 
than  half-way  up,  while  those  of  P  and  R  are  not;  0>  C>  G» 
and  Q  are  slightly  higher  than  other  letters,  extending  above 
the  top  and  below  the  bottom  guide-lines;  B^  E>  Ki  8>  X> 
and  Z  s-re  not  so  wide  at  the  top  as  at  the  bottom;  strokes 
5  and  6  of  the  M  do  not  meet  3  and  4;  stroke  5  in  K  does  not 
start  from  the  vertical  stem. 
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Plate  I 


*  With  the  kind  permission  of  Professor  Sherman  the  drawings  in  thi8 
article  have  been  modeled  after  similar  figures  in  his  book  on  lettering, 
and  the  directions  for  forming  the  letters  which  accompany  the  cuta  otx 
Dp.  512-515  are  taken  verbatim  from  pages  27  and  2&  ol  \\;aX>aQc^L. 
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H  After  cutting  off  1^  steins  from  a  square  to  obtain  the 
circumscribing  rectangle,  tHe  strokes  are  as  indicated,  1  and  2 
ooiticiding  with  the  left  abd  right  sides  of  the  rectangle  respect- 
ively. Strokes  5  and  6  are  correctly  placed  by  first  bisecting 
the  height  with  a  dot — the  bar  to  be  slightly  above  mid-height. 

E  The  middle  bar  is  placed  by  the  use  of  a  dot  as  in  H  ^^ 
is  half  the  length  of  the  bottom  bar.  The  top  bar  is  }  unit 
shorter  than  the  bottom  one. 

F  Central  bar  placed  slightly  above  the  middle  aa  above, 
and  is  half  the  length  of  the  top  bar. 

Ia  Cut  off  If  units  from  a  square  to  get  its  width.  If  the 
next  succeeding  letter  in  a  word  is  /^,  narrow  the  L,  to  4  units. 

T    Bisect  stroke  3  with  a  dot  to  guide  strokes  4  and  5. 

Plate  II 


1 1 

■  ^  ]_  '  ■  '  "  '^ 

- 

- 

J-- 

"  ~  X 

- 

- 

1  — 

--J 

r       -  -" 

IVI  Is  somewhat  difficult  to  draw  neatly,  the  trouble  being 
to  keep  the  junction  of  the  inclined  and  vertical  stems  from 
being  too  thick  without  making  the  middle  opening  appear  too 
large.  After  strokes  1, 2, 3,  and  4  place  a  bisecting  dot  on  the 
lower  guide  Above  this  IJ  imits,  about,  place  another  dot, 
and  strokes  5  and  6  join  this  dot  with  points  on  the  top  guide 
about  i  of  a  space  from  3  and  4.  Strokes  7  and  8  are  parallel 
to  6  and  5  respectively,  making  the  inclined  parts  a  unit 
thick.  This  should  make  the  width  of  the  middle  portion  on 
the  lower  guide  less  than  a  unit. 

ft  After  strokes  1,  2,  3,  and  4  place  dots  at  unit  distances 
from  1  and  2,  as  shown  at  top  and  bottom.  Stroke  5  begins 
at  the  dot  on  the  top  guide  and  ends  on  stroke  3  at  a  trifle  less 
than  two  units  from  the  bottom.  Stroke  6  is  parallel  to  5  and 
must  end  on  the  lower  dot.  The  inclined  stem  must  not  be 
over  a  unit  thick. 


FINISHING  THE  MAP 


513 


K  After  strokes  1  and  2  place  a  dot  on  2  two  units  above  the 
bottom.  Place  a  dot  on  the  top  guide  half  a  unit  from  the 
right  side,  and  3  joins  this  point  with  the  dot  on  2.  On  the 
lower  guide  place  a  dot  1 J  imits  from  the  right  side,  and  another 
on  3  at  1 J  imits  from  2  to  guide  stroke  5.  Strokes  4  and  6  are 
parallel  to  and  unit  distance  from  3  and  5  respectively. 

Z  After  strokes  1, 2, 3,  and  4  place  a  dot  on  3,  1 J  units  from 
the  right  side.  Stroke  5  joins  this  dot  with  the  left  end  of  4. 
Stroke  6  is  parallel  to  and  unit  distance  from  5,  but  must  end 
at  the  intersection  of  3  and  the  right  width-line;  some  shifting 
of  strokes  5  and  6  may  be  necessary  to  secure  this. 

Plate  III 


MM 


A  Find  its  rectangle,  bisect  the  top  by  a  dot  which  guides  1 
and  2.  After  drawing  3  and  4,  place  a  dot  2  imits  from  the 
bottom;  strokes  5  and  6  are  equidistant  from  this  dot. 

The  vertexes  of  A  ^^^  V  i^^y  be  made  slightly  less  than  one 
unit  wide,  but  should  not  be  wider  than  a  unit. 

V  Bisect  the  bottom  of  its  rectangle  by  the  dot  which  ^ides 
1  and  2.  Strokes  3  and  4  are  simply  parallel  to  1  and  2  and 
at  unit  distance  as  shown. 

W  Mark  off  the  proper  rectangle  by  adding  IJ  stems  to  a 
square,  then  place  dots  on  the  lower  guide  about  2  units  from 
the  width-hnes,  and  a  bisecting  dot  at  the  top.  These  dots 
guide  the  auxiliary  strokes  1,  2,  3,  and  4  which  guide  the  out- 
lines. 

X  Place  dots  on  the  upper  guide  1 J  units  from  the  widths- 
lines.  Strokes  1  and  2  join  these  dots  with  the  lower  corners 
ss  shown.  Strokes  3  and  4  are  parallel  to  1  and  2  respectively 
and  at  unit  distances. 
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Y  Find  the  center  of  its  rectangle  quickly  by  eye,  and  place 
a  dot  half. a  unit  below;  this  guides  1  and  2  (a  imit  apart),  and 
marks  their  upper  extremities.  Strokes  3  and  4  join  these 
upper  extremities  with  the  upper  comers  as  shown. 

0  Requires  no  special  instructions  except  to  say  that  it 
is  helpful  to  use  bisecting  dots  to  guide  the  curved  strokes. 
Thus,  a  dot  should  be  placed  midheight  on  the  right  width- 
line,  and  stroke  3  is  then  made  symmetrical  with  this  dot. 

U  The  outside  strokes  may  be  made  first  if  desired  instead 
of  following  the  order  given. 

J    Stroke  1  should  begin  2}  imits  above  the  bottom. 

Plate  V 
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P,  S,  and  R  The  middle  horizontals  in  these  letters  are 
guided  by  first  placing  dots  at  midheight.  In  p  the  bar  is  a 
trifle  below  the  middle,  in  B  ^  trifle  above,  while  in  D  it  may 
be  placed  in  the  middle. 

O'  C'  Q  As  in  the  Roman  forms,  the  exteriors  of  the  curved 
letters  are  better  drawn  first,  in  some  such  manner  as  shown 
before  the  interior  strokes  are  made.    Use  width-lines  and 
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bisecting  dots,  which  help  in  making  the  exterior  strokes  sym- 
metrical. 

Plate  VI 


G     Stroke  6  is  but  J  imit  below  the  center. 

8  One  method  of  making  the  strokes  is  given;  but  methods 
of  drawing  this  letter  vary  considerably  with  different  drafts- 
men. Stroke  3  should  begin  2  units  above  the  guide.  The 
middle  portion  of  the  letter  should  be  almost  horizontal. 

All  Gothic  curved  letters,  also,  should  extend  a  trifle  above 
and  below  the  guide-lines  to  cure  optical  defects. 

(g)  Inking  the  letters.  The  inking,  if  free-hand,  is  done 
with  a  writing-pen.  Among  the  pens  recommended  are  Gillott's 
303  and  404,  and  Leonard's  ball-pointed  pen.  The  student 
should  try  a  number  of  different  styles  until  he  finds  one  that 
suits  him.  A  pen  will  work  better  after  it  has  been  "  broken  in" 
or  slightly  worn.  A  pen-holder  with  a  large  grip  is  the  best  for 
lettering. 

Begin  by  inking  the  pencil  outline,  taking  care  to  keep  the 
outside  edges  straight — if  the  inside  edges  are  ragged  it  does 
not  matter,  provided  the  space  between  outlines  is  to  be 
filled  in  solid.  Keep  inside  of  the  'pencil  lines.  In  filling  in, 
use  long  strokes.  After  a  letter  is  dry,  corners  may  be  made 
square  and  other  imperfections  touched  up,  although  very 
little  of  this  should  be  necessary.  Wipe  the  pen  frequently, 
and  do  not  overload  it  with  ink.  Keep  a  piece  of  paper  tacked 
to  the  board  to  try  the  pen  on  and  thus  start  the  even  flow  of 
ink.  Shields  are  useful  in  erasing  portions  of  letters  (p.  448). 
Keep  the  stopper  in  the  ink-bottle  to  exclude  dust,  to  prevent 
the  ink  from  deteriorating,  and  to  save  the  drawing  in  caso 
the  bottle  is  upset. 
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Wb^i  the  extra  time  required  is  warranted,  the  outlines 

may  be  inked  with  ruling-pen  and  compasses.  Special  effort 
should  then  be  made  to  secure  clean-cut  comers  and  smooth 
curves. 

(h)  Common  defects.  (1)  The  beginner  almotrt  always 
makes  Gothic  lett^^  too  heavy  and  clumsy.  The  letters  out- 
lined in  ink  seem  correct,  but  after  the  outlines  have  he&k  filled 
in  solid  black,  the  stems  are  too  thick.  This  is  because  the 
thickness  of  the  outlines  is  added  to  the  space  between  them. 
Avoid  clumsy  letters  by  making  stems  shghtly  narrower  in 
pencil  than  seems  necessary:  (2)  Another  common  tendency 
is  to  make  stems  which  are  curved  or  incUned  thicker  than 
those  which  are  vertical  and  horizontal,  hence  such  letters  as 
Ot  U,  M;  and  W  are  apt  to  be  too  h^avy.  (3)  Great  care 
is  necessary  to  avoid  a  too  heavy  appearance  at  acute  an^es. 
as,  for  example,  at  the  bottom  of  the  V;  ^^^  &^  ^^  junctions 
(top  and  bottom)  of  M,  ft,  and  W- 

(t)  Spacing.*  Aim  to  space  the  letters  in  any  word  so  that 
the  same  area  of  white  paper  will  show  between  letters.  This 
is  the  first  and  most  important  rule,  but  it  does  not  mean  that 
letters  should  be  spaced  equal  distances  apart,  for  if  they  w&ce, 
letters  like  L  and  A  which  do  not  entirely  fill  the  limiting  rect- 
angle will  often  appear  separated  from  other  letters.  Thus, 
for  example,  one  of  the  most  difficult  words  in  which  to  space 
letters  correctly  is  LAW-  Whenever  the  letter  L  is  adjacent 
to  a  letter  like  A  ^^^  W  i^  is  necessary  to  close  up  the  space,  and 
sometimes  to  shorten  slightly  the  horizontal  stem  of  the  L. 
Likewise  when  any  letter  which  does  not  fill  its  rectan^  occurs 
in  a  word  it  may  be  necessary  to  close  up  slightly  the  space 
on  either  side.  The  closer  letters  are  together,  the  more  this 
is  necessary.  When  the  space  between  letters  is  two  or  three 
times  the  width  of  a  single  letter  the  distances  between  the 
centers  of  letters  may  be  made  equal  without  offending  the- 
eye. 

Ordinarily  the  space  between  two  words  should  be  at  least 
twice  as  great  as  the  normal  space  between  two  letters  When 
a  punctuation-mark  is  used  this  space  should  be  measured 
from   the  mark,   thus   increasing  slightly   the  space  between 


*  See  Sherman's  "Lettering,"  p.  10.  and  Wilson's  "Free-hand  Lettering/ 
p.  28. 
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words.    The  space  should  be  still  larger  if  the  punctuation- 
mark  is  a  period. 

In  lettering  tracings  it  is  often  best  to  sketch  the  outlines  on 
paper  first,  and  then,  by  shifting  the  pi^er  back  and  forth  un- 
derneath the  tracing,  to  correct  any  defects  in  the  Gracing  of 
letters  or  words.  This  method  is  especially  useful  when  several 
lines  of  unequal  length  are  to  be  centered  with  respect  to  a  ver* 
tical  axis  of  symmetry,  as  in  printing  tltle&     (See  p.  524.) 

Remark.  Rules  for  proportioning  and  spacing  should  not  be  followed 
blindly,  lliey  are  intended,  chiefly,  to  guide  the  beginner  to  a  proper 
sense  of  harmony  in  lettering,  without  which  no  set  of  rules  is  of  much 
avail. 

540.  General  Suggestions  for  Lettering  Maps.     (1)  The 

general  arrangement  of  the  lettering  (Art.  534,  p.  504)  requires 
that  words  be  printed  from  left  to  right  or 
from  the  bottom  up  except  when  the  general 
direction  is  that  of  the  line  AB  in  Fig.  540. 
(2)  Aim  to  make  as  much  of  the  lettering  as 
possible  parallel  to  the  bottom  border-line, 
or,  if  this  is  impracticable,  parallel  to  the 
side  border-lines.  An  exception  is  the 
lettering  along  property  lines.  (3)  In 
general,  words  should  be  in  straight  lines,  Fig.  540 

altliough  there  are  many  exceptions  as,  for 
example,  the  name  of  a  curved  street  or  of  a  winding  river. 
Words  greatly  extended  like  the  names  of  towns  are  often  in 
long  sweeping  curves.  When  a  word  is  on  a  curve  the  axes  of 
the  different  letters  should  be  radial  lines  unless  the  letters 
are  of  the  inclined  type.*  (4)  When  there  are  two  lines  of 
words  and  it  is  not  desired  to  center  them,  it  is  often  better  to 
start  the  second  line  so  that  it  will  extend  beyond  the  first. 
This  applies  especially  to  descriptive  matter  in  single-stroke 
lettering  which  is  a  little  too  long  for  a  single  line.  (5)  Names 
or  descriptions  should  be  placed  in  such  a  position  that  there 
will  be  no  doubt  as  to  where  each  belongs,  either  between  the 
boundary-lines  of  an  object,  as  in  the  case  of  a  street  or  a  nver, 
or  just  above,  as  in  the  case  of  a  narrow  stream,  or  to  just  the 
right  of  a  conventional  sign,  as  in  the  case  of  a  small  building. 
Avoid  a  crowded  appearance.  (6)  In  printing  values  of  angles 
never  omit  zeroes.    Thus  0^-08'  is  correct,  but  not  08'  or  8'. 

*  See  Sherman's  "Lettering,"  p.  11,  and  Reinhardfs"  Technicof  Mechane- 
ical  Drafting,"  p.  14. 
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Likewise  in  linear  measurements  0.8  ft.  or  (/.S  is  correct,  but 
not  .8'.  (7)  There  is  danger  of  reading  angular  measurements 
for  linear  measurements,  or  vice  versa.  To  avoid  this  always 
place  a  dash  between  degrees  and  minutes.  Thus,  for  example, 
129^-41'  cannot  be  mistaken  for  129^.41  (feet).  (8)  Since  every 
line  has  two  bearings,  in  printing  the  bearing  along  any  line 
(especially  a  property  line)  it  is  well  to  draw  a  short  arrow  paral- 
lel to  that  line  and  pointing  toward  the  end  which  is  the  /or- 
ward  end  for  the  bearing  given.  (9)  Prominence  should  be 
given  to  lettering  according  to  the  importance  of  the  object 
described.  Prominence  may  be  gained  in  several  ways,  viz.: 
(1)  By  increasing  the  width  of  letters;  (2)  by  increasing  the 
weight;  (3)  by  increasing  the  height;  (4)  by  increasing  the 
spacing;  (5)  by  changing  the  style,  and  (6}  by  italicizing, 

541.  Contour-lines  are  usually  drawn  in  brown  ink  or 
burnt  sienna  water-color;  sometimes  red  ink  or  crimson-lake 
water-color  is  used,  and  occasionally  contours  are  represented 
by  broken  lines  in  black  ink  (short  dashes  close  together).  (2) 
Lines  should  be  of  uniform  width,  just  heavy  enough  to  be 
distinct.  They  may  be  drawn  with  a  ruling-pen  or  a  contour 
pen,  but  usually  the  best  results  are  obtained  with  a  well-worn 
steel  pen,  such  as  Gillott*s  No.  303,  applied  with  little  or  no 
pressure  to  yield  a  uniform  line.  (3)  Every  fifth  or  tenth  con- 
tour, counting  from  the  datiun  plane,  should  be  a  little  heavier 
than  the  others  and  also  darker  in  color,  (4)  Each  accentuated 
contour  should  be  marked  with  its  elevation  above  or  below 
datum,  and  if  the  map  does  not  contain  at  least  two  such  con- 
tours then  every  contour-line  should  be  so  marked.  This 
contour  elevation  may  be  placed  just  above  the  line  or  in  a 
break  left  for  that  purpose.  The  elevations  should  not  be 
scattered  haphazard,  but  should  be  placed  nearly  under  each 
other,  or,  better  still,  along  a  line  normal  to  the  contours  (usually 
a  winding  line).  Where  the  figures  are  to  be  inserted  in  breaks, 
before  inking  draw  two  parallel  guide-lines  in  pencil,  about  } 
in.  apart  and  normal  to  the  contours;  when  inking  the  accent 
tuated  contours  stop  each  one  at  these  guide-lines  to  give  a 
uniform  appearance  to  the  breaks.  Elevations  may  be  marked 
in  the  color  used  for  the  contour-lines,  and  they  should  be 
repeated  in  different  parts  of  the  map  wherever  necessary, 
especially  where  contours  change  direction  abruptly.  Aim  to 
place  them  where  they  will  be  of  the  greatest  help  in  ascertain- 
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ing  the  elevation  of  any  contour  on  the  map  without  delay  or 
mental  confusion.  (5)  Contour-lines  should  not  be  drawn 
across  buildings,  roads,  or  streams,  and  they  should  be  turned 
slightly  up  hill  just  before  ending  at  the  edges  of  roads  or  banks 
of  streams.  (If  a  road  is  in  "  fill,"  the  contour  lines  turn  down 
hill.)  (6)  Intermediate  contours,  represented  by  broken  lines, 
are  sometimes  inserted  to  show  the  outline  of  some  feature  of 
the  surface  not  shown  by  contours  at  the  regular  interval,  such, 
for  example,  as  a  summit  of  a  hill  or  the  bottom  of  a  depression. 
(7)  Common  mistakes,  such  as  drawing  contours  of  different 
elevations  across  each  other,  or  merging  contours  of  the  same 
elevation,  may  be  avoided  by  remembering  the  fundamental 
principles  on  page  338. 

Remark.  In  small-ecale  topographic  maps  hills  and  mountains  are 
sometimes  shown  by  "hatching*'  or  short  disconnected  lines.  See  Rein- 
hardt's  "Technic  of  Mechanical  Drafting,"  p.  37,  or  Gillespie,  Vol.  II,  p.  350, 
or  Wilson's  "Topographic  Surveying,"  p.  462. 

542.  Conventional  Signs.  On  page  520  are  shown  some 
of  the  conventional  signs  used  on  ordinary  maps,  and  on  page 
521  are  some  of  those  used  on  topographic  maps.  Most  of 
these  conventional  signs  may  be  considered  standard,  though 
some  of  them,  especially  those  pertaining  to  fences,  are  subject 
to  more  or  less  variation.*  A  common  fault  is  to  make  con- 
ventional signs  too  prominent  by  drawing  them  too  large  and 
heavy.  Ordinarily,  very  light  strokes  should  be  used  for  trees 
and  grass,  and  ruled  lines,  such  as  those  for  marshes  and  culti- 
vated land,  should  be  drawn  almost  as  fine  as  the  pen  will  work. 
Conventional  tints  are  sometimes  used  in  connection  with 
conventional  signs  (see  p.  523). 

(a)  Suggestions.  (1)  Instead  of  using  conventional  signs  for  fences  it  is 
quicker  and  often  better  to  draw  full  lines  or  broken  lines  as  preferred,  and 
tnen  to  mark  the  character  of  the  fence  along  each  line.  (2)  Small  water- 
courses, where  indicated  by  a  single  line,  should  be  drawn  toward  the 
source  so  as  to  end  there  with  as  finely  tapering  stroke  as  possible.  Aim 
to  produce  a  wavy  effect  as  shown  in  the  right-hand  side  of  Fig.  542  (b), 
avoiding  the  flat  meaningless  style  of  line  shown  in  the  left-hand  side  of 
the  same  figure.  (3)  Outline  shading  (see  page  506)  may  be  used  to  ad- 
vantage as  shown  in  the  conventional  sign  for  a  bridge,  page  520.  (4)  The 
tufts  of  grass  in  "meadow-land,"  page  521,  should  begin  and  end  in  short 
light  strokes  of  the  pen,  the  lines  radiating  from  a  common  center  some 
distance  below. 


*  This  variation  is  evident  from  the  replies  to  letters  of  inquiry  addressed 
to   city  engineers  all  over  the  country.     For  example,   many  engineers 
employ  a  broken   line  to  represent  a  property  line  not  fenced,  allV^ixsj^ 
the  majority  of  the  replies  favored  a  fine  full  Ivd<^. 
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(b)  Water-lining  when  well  done  ^ds  much  to  the  general 
app>earance  of  a  map,  but  when  poorly  done  it  is  very  offensiye 
to  the  eye.  The  beginner  is  inclined  to  draw  water-lines  too 
hurriedly.  Thus  the  effect  in  the  left-hand  side  of  Fig.  542  (6)  is 
that  of  work  carelessly  done.  In  the  right-hand  side,  on  the 
contrary,  every  bend  and  irregularity  of  the  shore-line  was 
carefuUy  followed.  The  shore-line  is  made  heavy,  and  the 
first  water-line  drawn  as  close  to  it  as  practicable.  The  spaces 
between  the  water-lines  gradually  widen,  and  the  little  irregu- 
larities grow  less  and  less  pronounced.  From  six  to  ten  lines 
will  usually  suffice;    those  farthest  from  shore  should  be  drawn 


Fig.  542  (6). 


very  lightly.  Prussian  blue  is  often  used  for  water-lines,  even 
on  maps  where  everything  else  is  drawn  in  black.  This'  does 
not  apply  to  tracings,  for  blue  lines  practically  disappear  in 
making  process  prints. 

543.  Section-lining.    The  outline  of  a  building  on  a  map  of 
'  large  scale  is  frequently  emphasized  by  section-lines,  while  on 

small-scale  mapNS  the  outline  is  filled  in  solid  black.  Suggestions 
for  section-lining  are  given  on  page  449.  Leave  open  spaces 
for  words  and  dimensions,  so  that  they  will  not  be  obscured 
by  section-lines  drawn  over  them. 

544,  Tinting.  General  directions  for  tinting  are  given  on 
page  449.  Additional  suggestions  are:  (1)  Either  tint  before 
inking  or  use  water-proof  ink.  (Note,  p.  504.)  (2)  The  tendency 
is  to  use  too  vivid  tints.     The  beginner  will  do  well  to  mix  his 

tmt  to  what  seems  a  desirable  shade,  and  then  to  dilute  about 
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half.  (3)  Tinting  on  ordinary  maps  is  usually  confined  to 
filling  in  outlines  of  buildings  and  other  structures.  Occasionally 
Foads  and  streams  or  bodies  of  water  are  also  tinted. 


(o)  Conventional  Tints* 

Buildingi.  If  of  wood,  sepia;  for  masonry,  crimson  lake.  The  outlines 
of  wooden  buildings  are  drawn  and  shaded  with  India-ink;  outlines  of 
masonry  with  a  very  strong  tint  of  crimson  lake.  To  distingtiish  brick 
from  stone,  make  the  outlines  of  the  latter  heavier  or  else  use  Payne's  Gray 
for  stone  and  light  red  for  brick. 

Roads.  The  pencil  outlines  are  filled  with  a  fiat  tint  of  yellow  ochre, 
the  edges  being  subsequently  drawn  in  India  ink. 

Bridges.  The  outline  is  filled  with  yellow  ochre,  and  the  same  distinction 
as  to  wood  and  masonry  is  observed  as  in  buildings. 

Fences  are  represent^  with  India  ink  as  in  pen  drawings  (p.  520);  iiont 
walls  by  their  outlines  filled  with  crimson  lake. 

Water.  Prussian  blue,  a  fiat  tint.  If  a  lower  tone  is  desired  for  the 
map  use  indigo  instead  of  Prussian  blue.  The  surface  is  also  outlined 
with  a  strongblue. 

Remark.  There  are  a  number  of  conventional  tints  used  on  elaborate 
topographic  maps  to  represent  trees,  marshes,  cultivated  land,  sand,  rocks, 
etc.  For  these  colors  and  for  a  more  comprehensive  treatise  on  tinting  the 
student  is  referred  to  a  chapter  on  "Topographical  Drawing  in  Color," 
in  Lieut.  Reed's  book.  It  takes  much  practice  to  do  this  kmd  of  work, 
and  it  is  better  to  leave  a  map  untinted  than  to  produce  crude  effects  in 
gaudy  colors.  The  student  can  easily  learn,  however,  to  lay  on  the  flat 
tints  given  above. 

545.  Border-lines.  (1)  Avoid  elaborate  border-lines.  A 
single  heavy  line  or  a  heavy  line  and  a  light  line  close  together 
will  suffice.  Avoid  fancy  designs  at  the  comers.  (2)  In  draw- 
ing the  border,  keep  in  mind  the  size  of  the  blue-print  frame 
and  other  requirements  (p.  504).  (3)  The  heaviest  line  for  a 
border  should  rarely  exceed  -^  inch,  and  if  there  are  two  lines 
the  space  between  may  be  about  the  width  of  the  heavier 
line.  (4)  Follow  the  directions  on  page  447  for  drawing  heavy 
lines.  For  a  width  of  ^  inch,  this  means  drawing  two  outside 
lines  and  filling  in  between  with  a  third. 

546.  Titles.t  The  title  is  usually  printed  after  all  the  other 
lettering  on  the  map  is  finished.  The  best  place  for  it  is  in  the 
lower  right-hand  comer  unless  it  is  desired  to  fill  up  some  vacant 
space  elsewhere  (p.  505).  The  size  of  the  rectangle  within  which 
the  title  is  inscribed  should  be  in  proportion  to  the  size  of  the 


♦  From  "Topographical  Drawing  and  Sketching,"  by  Lieut.  Henry  A. 
Reed,  U.  S.  Army.     (John  Wiley  &  Sons.) 

t  See  Sherman's  "Lettering,"  p.  37,  and  Wilson's  "Free-hand  Lettec- 
ing,"  p.  69. 
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ikeet  (see  step  (4),  p.  525),  and  the  sixe  of  the  kigest  letfen 
depends  to  some  extent  upon  the  scale  used  for  the  map  (see 
p.  509).    The  general  arrangement  of  the  title  dbould  eonfonn 
to  the  space  available.    The  first  consideration  in  designing  a 
title  is  sncPLicrrr.     Ornate  letters,  scrolls,  and  flourishes  are  to 
he  avoided.    The  subject-matter  is  usually  arranged  in  several 
horizontal  lines,  words  which  are  closely  related  being  put  in 
the  same  line.    The  most  important  words  in  a  title  should 
catch  the  eye  first.    Prominence  may  be  gained  in  several  ways 
(see  p.  518).    The  lines  should  be  centered,  i.e.,  each  line  made 
to  extend  equal  distances  each  side  of  a  conmion  vertical  Hoe. 
Sometimes  lines  are  aii:anged  in  curves,  but  this  is  to  be  avoided 
unless  necessary  to  save  ig[)ace.    The  spaces  in  the  clear  between 
lines  may  vary,  although  often  they  are  made  nearly  equal.     If 
too  nmch  space  is  left  above  and  below  a  line  of  small  lettering 
this  line  will  appear  separated  from  the  rest  of  the  title.     Avoid 
making  two  lines  of  the  same  length.    The  fewer  styles  of 
lettering  used  the  neater  will  be  the  title.    The  tendency  to 
use  a  different  style  of  letter  for  each  line  is  bad,  for  it  gives  the 
impression  that  the  draftsman  is  trying  to  show  what  he  can 
do.    Capital   letters  are   used  almost   exclusively,  lower-case 
letters  seldom  appearing  in  well-designed  titles.    It  is  probably 
better  to  incline  all  the  letters  or  to  make  them  all  upright  than 
to  have  inclined  letters  in  one  line  and  upright  letters  in  another. 
Single-stroke  lettering  may   be  used  for  unimportant  words 
where  letters  are  comparatively  small.     Very  eilective  titles 
can  be  drawn  free-hand,  and  instruments  should  be  used  only 
when  the  extra  time  required  is  warranted.    The  mere  fact  that 
instruments  were  used  in  drawing  a  title  leads  one  to  expect 
superior  results,  while  slight  imperfections  may  be  overiooked 
in  a  free-hand  title.     All  parts  of  a  title  should  be  finished  with 
equal  care — even  the   smallest   lettering   should   be  done  as 
carefully  as  the  largest.     It  is  also  inconsistent  to  take  more 
pains  with  the  letters  in  a  title  than  with  the  other  letters  on 
the  map.    It  is  best  not  to  abbreviate  any  word  in  a  title. 

Titles  for  tracings  may  be  penciled  on  a  small  sheet  of  paper 
without  attempting  to  center  the  different  lines,  and  then  by  shift- 
ing this  paper  back  and  forth  under  the  tracing-cloth  each  Ime 
can  be  centered  with  respect  to  a  vertical  axis  of  symmetiy. 

Ji  takes  considerable  time  to  execute  a  good  title,  and  to 
save  time  and  expense  various  mechanical  devices  aie  soi 
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times  used,  such  as  a  stamping  outfit  or  a  small  printing- 
press.* 

(o)  What  should  appear  in  a  title  of  a  map.  (1)  The  name 
or  descriptioQ  of  the  tract  or  object  represented,  or  its  owner's 
name.  (2)  The  location — town  or  city,  county,  state.  (3) 
Scale.     (4)  Date  of  survey.     (5)  Name  of  surveyor. 

If  a  map  is  made  for  a  special  purpose  this  should  be  stated, 
as,  for  example,  proposed  location  of  a  hiqhwat,  or  plan 

OF  BUILDING-LOTS,  etC. 

(b)  Method  oj  vrocedure  in  eontinuting  a  title.  (1)  Write  out  the  title, 
separating  the  subject-matter  into  lines;  it  is  well  to  give  such  connectives 
as  "of  the"  and  "in  the"  separate  lines. 

(2)  Number  the  lines  in  the  order  of  their  importance.  Usually  the 
name  or  description  of  the  tract  which  the  map  represents  is  the  most 
prominent.     The  connectives  should  be  the  least  prominent. 

(3)  Choose  the  style  of  letters.  Heavy  Gothic  capitals  are  recom- 
mended for  the  most  prominent  words,  and  single-stroke  capitals  of  the 
same  style  for  the  least  prominent;  the  difference  in  prominence  of  words 
between  these  two  extremes  may  be  effected  by  varsong  the  heights  of 
letters  or  in  other  ways  (p.  518). 

(4)  Decide  upon  the  place  of  the  title  and  upon  the  approximate  fize 
of  the  limiting  rectangle  within  whidi  it  should  be  drawn.  The  maximum 
dimensions  for  this  rectangle  suggested  by  Professor  Sherman  are:  Length  =  | 
length  of  longest  border-lines  of  the  map;  hei|^t  =  i  length  of  shortest 
border-lines.  Frequently  the  limiting  rectangle  should  be  made  smaller 
than  these  proportions  allow.  The  tendency  is  to  make  titles  too  large 
and  conspicuous. 

(5)  Decide  upon  the  height  of  the  largest  letters  (p.  509)  and  draw 
top  and  bottom  guide-lines  for  the  most  prominent  line  of  lettering.  Draw 
also  a  vertical  line  to  serve  as  an  axis  of  symmetry. 

(6)  Block  out  rou^y  the  letters  for  the  most  prominent  line.  If  the 
position  of  the  Hmitmg  rectangle  for  the  title  ia  not  definitely  fixed  the 
vertical  axis  of  symmetry  may  be  drawn  through  the  middle  point  of  this 
line  after  the  letters  are  completed.  When,  however,  the  position  of  the 
axis  of  synametry  is  fixed  any  line  of  lettering  may  be  centered  as  follows: 
Write  out  the  line  on  another  piece  of  paper,  and  place  over  each  letter  the 
number  of  imits  to  allow  for  its  width  (p.  510).  Estimate  roughly  the 
number  of  units  to  allow  for  spaces  between  letters  and  between  words, 
keeping  in  mind  that  letters  are  not  placed  equal  distances  apart  (p.  516). 
From  half  the  sum  of  all  the  units  find  which  letter  is  nearest  the  middle 
point.  Beginning  with  this  letter  at  the  proper  distance  from  the  axis  of 
symmetry  block  out  the  letters  in  the  last  half  of  the  line.  This  gives  the 
distance  from  the  axis  of  symmetry  to  the  end  of  the  line;  begin  at  an 
equal  distance  to  the  left  of  the  axis  and  block  out  the  letters  in  the  first 
half  of  the  line.  If  the  letters  are  not  properly  spaced  in  this  first  trial 
usually  only  a  few  letters  near  the  center  need  to  be  changed, — the  chief 
advantage  in  lettering  one-half  the  row  at  a  time. 

If  the  title  is  to  be  drawn  on  tracing-cloth  the  different  lines  can  be 
centered  by  shifting  the  paper  as  explained  above.  Conversely  some- 
times a  title  can  be  drawn  on  a  small  piece  of  tracing-paper  without  attempi- 
ing  to  center  the  lines,  and  then  transferred  to  the  paper  on  which  the  map 
is  drawn  (p.  500),  each  line  being  centered  by  shifting  the  tracing-paper. 

(7)  Having  penciled  the  most  prominent  line,  block  out  the  other  lines 
in  the  same  way.  Before  inking  examine  the  title  as  a  whole  to  see  if 
it. is  well  balanced.  If  the  inking  is  done  free-hand  follow  the  directions 
on  page  515. 


♦  See  Engineering  New8,  Nov.  IJ,  \^<i\,  p.  ASi^- 


526 


FINISHING  THE  MAP 


ltf20' 


10°20' 


547.  iVleridian  Needles.    Simple  arrows  like  those  in  Fig. 
547  are   best.    Avoid  elaborate  needles  and  compass-points. 

As  with  border-lines  and  titles,  sim- 
plicity should  be  the  fii:^  aim.    The 
true  north  is  usually  represented  by 
a  full  arrow-head  and  the  magnetic 
north   by  a   half   arrow-head.      The 
direction  of  one  of  these  arrows  is 
found  either  from  the  meridian  used 
in  plotting  the  map  or  from  some  line 
of  known  bearing.     If  magnetic  bear- 
ings were  used,  plot  the  axis  of  the 
magnetic  needle  and  then  lay  off  the 
declination  to   find  the   axis  of  the 
other  needle,  and  contrariwise  if  true 
bearings  were  used,  find  the  axis  of 
the  true  needle  first.     On  many  maps 
nothing   is   gained    by   showing   the 
magnetic  meridian  (see  remark  p.  502), 
but  if  it  is  shown  at  all,  the  magnetic 
declination  should  be  given  in  figures 
marked  along  the  arrow  or  between 
the  two  arrows  as  in  Fig,  547.    The 
needle  should  be  of  such  length  that 
its     direction     can     be     transferred 
accurately  to  other  parts  of  the  map 
•^usually    about    4   or   5    in.     long. 
The  arrow-head  and  the  feather-end 
should  both  be  drawn  with  care,  slim 
and  graceful — the  tendency  is  to  make  them  too  clumsy.    The 
needle  may  be  placed  near  the  title  or  in  a  vacant  space  near 
the  top  of  the  map. 

548.  Scales.  The  scale  of  a  map  is  usually  given  in  figui^s 
as,  for  example,  "Scale:  1  inch— 40  feet"  or  ''Scale:  ^^l^jf.*' 
Frequently  in  addition  a  small  ix)rtion  of  a  scale  is  drawn  as 
illustrated  in  Fig.  548.  This  is  most  necessary  for  maps  that 
are  to  be  reproduced  by  photo-reproduction  or  by  other  pro- 
cesses which  change  the  scale,  otherwise  it  would  be  difficult 
to  scale  the  reproduction.  Such  a  scale  also  indicates  the 
sbiinksige  or  expansion  in  maps  and  blue-prints,  but  if  designed 
/or  this  purpose  it  should  be  long  enowgh  to  show  the  change — 


Fig.  547. 
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say  6  inches.    Distances  scaled  from  tracings  and  blue-prints 
are  most  unreliable  no  matter  what  method  is  used. 

Scale;  1  lnch=40  Feet  . 

'        '         '         '         I         I         '         I         I        I 
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Fig.  548 

549.  Keys  or  Legends.  Where  conventional  signs  are  used 
it  is  customary  to  draw  a  key  near  the  title  explaining  the  signs. 
This  is  especially  necessary  when  the  signs  are  not  those  com- 
monly employed. 

550.  Explanatory  Notes.  Maps,  like  field  notes,  should 
be  self-explaining.  Anything  not  clear  from  the  drawing  or 
the  dimensions  should  be  made  so  by  explanatory  notes.  The 
general  directions  in  Art.  37,  page  23,  hold  good.  Notes  giving 
general  information  concerning  the  map,  such,  for  example,  aa 
the  datum  used  in  a  topographic  survey,  may  be  placed  near  the 
title.  Occasionally  notes  should  indicate  the  extent  to  which 
measurements  may  be  depended  upon  by  giving  the  instruments 
used  in  the  survey,  the  limits  of  error  adopted,  and  similar  in- 
formation bearing  on  the  accuracy  of  the  work. 

551.  Cleaning  iVlaps.  Use  a  soft  eraser  for  removing  pencil 
lines,  and  a  sponge  eraser  or  bread-crumbs  for  taking  off  dirt. 
For  tracings  use  gasoline  or  benzine.     (See  p.  452.) 

552.  Surveyor's  Certificate.  In  filing  maps  for  record  the 
surveyor  may  be  required  to  furnish  a  certificate,  the  exact  form 
of  which  will  of  course  vary.     One  form  is  as  follows: 

(City  or  Town,  State,*  Date) 

I  hereby  certify  that  the  plot  hereon  delineated  is  a  correct  one  and  that 

permanent  monuments,  consisting  of   ,  have 

(Description  of  the  monuments) 
been  set  at  points  marked  monument  as  thereon  shown  at  all  angles  in 
the  boundaries  of  the  land  plotted,  and  at  all  intersections  of  streets  and 

alleys. 

.• ,  SurveY<it* 
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Another  form  Bometimes  furnished  a  elicit  but  not  intended 
for  pubhc  record  is  as  follows: 

(City  or  Town,  State,  Date) 

This  it  to  oerttfy  that  I  have  this  date  made  a  survey  of , 

(Description  of  tract  surveyed) 
and  have  plotted  the  lines  theieof  on  the  accompanying  map,  which  to  the 
best  of  my  knowledge  and  belief  is  correct. 

Surveyor. 

(Signature) 

553.  Filing  Systems.  Although  it  is  not  within  the  province 
of  this  book  to  explain  the  various  systems  of  filing  and  indexing 
drawings  and  note-books,  no  discussion  of  office  work  would 
be  complete  without  reference  to  this  important  subject.  To 
one  who  desires  to  look  up  some  of  the  systems  which  have 
stood  the  test  of  every-day  use  the  following  references  may 
prove  of  value: 

"Engineering  Work  in  Towns  and  Small  Cities,"  by  Ernest  McCulIoug^ 
(Technical  Book  Agency,  Chicago),  contains  two  very  complete  chapters 
on  "Office  Systems     and  "City  Engineers'  Records." 

Proceedings  of  the  Connecticut  Society  of  CivU  Engineers  for  1901.  A 
description  of  the  excellent  ^rstem  used  m  the  city  engineer's  offioe  of 
Hartford.  Connecticut. 

Engineering  N'ews,  Sept.  5,  1901.  Jan.  2.  1902.  and  April  23,  1903,  several 
tttticles  OD  different  syitems  in  use  by  railroad  and  city  engineers. 
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PROFILES 


In  this  chapter  are  given  the  few  directions  and  ragsettimn  titotmtay 
for  plotting  and  finishing  profiles. 


554.  Profile*  (a)  Suppose  that  in  Fig.  554  (a)  A,  B,  C,  and 
D,  representing  four  points  in  a  straight  line  on  the  ground, 
were  plotted  to  a  given  horizontal  scale.  Let  the  points  a,  b,  c, 
and  d  be  obtained  by  laying  off  A' a,  B'b,  C'c,  and  I/d  equal, 
respectively,  to  the  elevations  o(  A^  B,  C,  and  D  above  a  ^ven 
datum.  If  the  vertical  scale  used  in  laying  off  these  devations 
is  the  same  as  the  horizontal  scale  used  in  plotting  A^  B,  Cj  and 
D  the  line  abed  is  a  true  profile,  bounding  a  true  vertical  section 
through  the  given  line,  and  showing  the  rise  and  fall  of  the  ground. 

(&)  As  the  rise  and  fall  of  the  ground  between  two  points  is 
usually  very  small  in  proportion  to  the  distance  between  those 
points,  it  is  customary  in  plotting  profiles  to  use  a  much  greater 
scale  for  laying  off  elevations  than  for  plotting  horizontal 
distances,  in  order  to  make  the  irregularities  of  the  surface  more 
apparent  to  the  eye,  and  to  render  subsequent  use  of  the  profile 
easier  and  more  accurate. 


Fig.  554  (a) 


Suppose  that  in  Fig.  654  (a)  the  vertical  scale  is  ten  timed  as 
large  as  the  horizontal.    The  line  abed  is  still  called  a  profile, 
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though  it  is  no  longer  a  true  profile,  and  the  section  which  it 

bounds  is  no  longer  a  true  section. 

(c)  Frequently  in  practice  the  line  leveled  over  is  not  straight, 

but  consists  of  a  series  of  connected  straight  lines,  as,  for  example, 

a  traverse  line.     In  Fig.  554  (6)  EFGH  is  the  plan  of  a  traverse 

line,  and  efgh  is  the  corresponding  profile  in  which  the  vertical 

scale  is  larger  than  the  horizontal.    The  distances  E'F'f  F'G', 

and  G'H'  are  equal  respectively  to  EF,  FO,  and  GH,  but  F'G^ 

and  H'  cannot  be  obtained  by  projecting  from  F,  G,  and  H 

respectively.    In  Fig,  554  (a),  on  the  contrary.  A',  5',  C,  and  ly 

were  projected  from  A,  B,  C,  and  D  respectively.    Hence  in 

Fig.  554  (a)  abed  represents  a  profile  cut  by  one  vertical  plane, 

while  in  Fig.  554  (6)  efgh  represents  a  profile  cut  by  a  aeries  of 

vertical  planes,  each  of  which  passes  through  two  stations  at 

consecutive  bends  of  the  traverse  line. 

(d)  Remark*  •  A  profile  is  ajpt  to  be  very  misleading  to  persons  un- 
Moustomed  to  the  methods  of  plotting.  Unlike  a  map  a  profile  seldom 
r^resents  points  projected  on  the  same  plane.  Moreover,  when  the 
Vtttical  scale  is  much  greater  than  the  horizontal  scale,  slopes  are  greatly 
exaggerated,  and  the  surface  of  the  ground  appears  to  be  much  more 
irregular  than  it  really  is.  Likewise  all  objects  such  as  manholes,  culvefta, 
rivers,  roads,  etc.,  which  the  i^rofile  crosses  are  ^hown  distorted.  It  is  a 
oonmion  experience  among  engineers  to  receive  protests  against  a  proposed 
grade  because  on  the  profile  it  appears  to  be  too  steep. 

555.  Profile-papers.  Occasionally  a  profile  is  plotted  on 
the  same  sheet  with  the  map,  but  more  often  special  paper  is 
used  upon  which  horizontal  and  vertical  lines  have  been  printed 
60  that  points  may  be  plotted  without  the  use  of  a  scale.  There 
are  three  standard  styles  of  profile-papers,  distinguished  by  the 
letters  A,  B,  and  C  according  to  the  number  of  lines  or  spaces 
to  the  inch.  Vertical  lines  on  A  profile-paper  are  J  in.  apart, 
and  horizontal  lines  are  -^  in,  apart,  or  4  by  20  spaces  to  the 
inch.  B  profile-paper  has  4  by  30  and  C  paper  5  by  25  spaces 
to  the  inch.  These  rulings  are  also  furnished  on  tracing-paper 
and  tracing-cloth.  Cross-section  paper  10  by  10  to  the  inch 
IS  sometimes  used  for  plotting  profiles. 

Every  tenth  vertical  line  and  every  fifth  horizontal  line  on 
profile-papers  are  usually  accentuated  for  convenience  in  read- 
ing. The  rulings  are  not  always  exactly  correct,  but  usually 
the  errors  are  so  small  that  they  may  be  ignored  in  plotting 
ordinary  profiles,  especially  as  the  relative  elevations  are  read 
directly  from  the  paper  and  not  by  scaling  the  drawing. 
SS6»  Scale.  When  a  profile  is  to  be  used  in  connection  with 
a  map  it  is  often  desirable  to  have  the  horizontal  scale  the  same 
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as  that  used  for  the  map;  sometimes,  however,  a  larger  scale 
is  required.  The  vertical  scale  is  usually  exaggerated  to  at 
least  five  times  the  horizontal  scale  and  often  more,  depending 
upon  how  close  it  is  desired  to  read  elevations.  For  city  work 
such  as  laying  out  street  grades  or  showing  sewers  pommon 
scales  are  40  or  50  ft.  to  the  inch  (horizontal)  and  6  or  10  ft. 
to  the  inch  (vertical).  When  it  is  desired  to  show  a  longer 
distance  on  a  sheet  of  given  length  the  horizontal  scale  may  be 
reduced  to  1  in.  =  80  or  100  ft.,  and  the  vertical  scale  kept  the 
same  (1  in.  =  6  or  10  ft.).  Oommon  scales  for  railroad  profiles 
are  1  in.  =  400  ft.  (horizontal)  and  1  in.  =  30  ft.  (vertical).  The 
following  are  some  of  the  most  convenient  combinations  of 
papers  and  scales. 


Smallest  Space 
between  V 

Smallest  Space 
between  a 

Hor.  Scale 

Vert.  Scale 

Paper 

Lines 

Lines 

(a) 

1  in.-  40ft. 

lin.-  6  ft. 

B 

10  ft.  distance 

0.2  ft.  elev. 

ibj 

1  in.-   60  ft. 

1  in.  - 10  ft. 

C 

10  ft. 

0.4  ft.    '• 

^4 

1  in.  - 100  ft. 

1  in. -10  ft. 

A 

25  ft. 

0.5  ft.    •• 

(d) 

1  in.  - 100  ft. 

1  in.  -  6  ft. 

B 

25  ft. 

0.2  ft.    •• 

(r) 

1  in. -400  ft. 

1  in. -30  ft. 

B 

100  ft. 

1.0  ft.   •• 

There  are,  of  course,  a  number  of  other  combinations.  It 
is  desirable  to  so  choose  the  paper  and  scale  that  the  smallest 
space  between  vertical  lines  will  represent  some  multiple  of  5  ft., 
while  the  smallest  space  between  horizontal  lines  will  represent 
some  multiple  or  decimal  part  of  one  foot.  It  is  also  an  advan- 
tage to  have  each  accentuated  line  stand  for  a  multiple  of  5  or 
10.  Thus  in  combination  (e)  above  the  smallest  space  between 
vertical  lines  equals  a  100-ft.  station,  and  every  tenth  station 
falls  on  an  accentuated  vertical  line,  while  the  smallest  space 
between  horizontal  lines  represents  1  ft.  in  elevation,  and  every 
fifth  foot  falls  on  an  accentuated  horizontal  line. 

557. Working  Up  Notes.  When  the  level  notes  are  brought 
in  from  the  field  the  elevations  are  not  usually  worked  out.  In 
working  out  elevations  the  computations  shouhl  be  checked 
for  the  elevations  on  each  page  as  the  work  progresses  by  the 
method  explained  on  page  242.  This  is  not  a  check,  however, 
on  the  elevations  of  intermediate  stations,  and  in  some  cases  it 
may  be  well  to  work  the  notes  up  by  the  method  of  303  (e), 
page  241  (Form  D).  The  arrangement  in  Form  F,  page  256, 
is  very  convenient  in  plotting  profiles,  since  the  only  two  columns 
needed  (El.  and  Sta.)  are  side  by  side. 
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558.  Plotting  Profiles — General  Method  of  Procednr^ 

(1)  Choose  the  combination  of  paper  and  scale  best  suited  to 
the  purpose  (p.  531),  and  pin  the  paper  to  the  board;  it  is 
slightly  more  convenient  in  finishing  the  profile  to  have  the 
horizontal  lines  true  with  the  T  square,  though  this  is  not  of 
much  advantage  in  plotting.  (2)  Glance  through  the  levd 
notes  to  ascertain  the  elevations  of  the  highest  and  lowest 
points.  (3)  Select  one  of  the  accentuated  horizontal  lines  for 
a  base-line  or  datum  line.  Its  position  should  be  such  that 
the  highest  and  lowest  points  of  the  profile  will  fall  on  the  paper. 
If  there  are  no  points  below  this  line  it  should  still  be  taken 
three  or  four  inches  from  the  lower  edge  of  the  paper  to  allow 
room  for  lettering.  It  may  be  necessary  to  assume  the  eleva- 
tion of  this  base-line  as  some  whole  number  of  feet  above  or 
below  datum  in  order  to  get  the  profile  on  the  paper.  For 
example,  if  the  liighest  elevation  is,  say,  128  ft.  and  the  lowest 
is  above  100  ft.,  the  elevation  of  the  bas^-line  may  be  assumed 
as  100  ft.  (4)  The  profile  should  begin  near  the  left-hand  edge 
of  the  paper  and  extend  towards  the  right.  If  100-ft.  stations 
are  used,  assume  Sta.  0  on  one  of  the  accentuated  vertical  lines, 
or,  if  the  profile  begins  at  some  station  remote  from  zero,  assume 
instead  a  station  whose  number  is  some  multiple  of  10.  For 
example,  if  the  profile  begins  at  48  +  21  assume  Sta.  50  on  an 
accentuated  vertical  line  near  the  left-hand  edge.  Similarly 
for  other  horizontal  scales  aim  to  have  the  accentuated  vei*tical 
lines  stand  for  some  multiple  of  ten.  (5)  Along  the  lower  edge 
of  the  paper  number  the  accentuated  vertical  lines  to  correspond 
to  distances,  and  along  the  left-hand  edge  number  the  accentuated 
horizontal  lines  to  correspond  to  elevations.  (6)  Plot  each  point 
on  the  profile  by  finding,  first,  its  position  with  respect  to  the 
nearest  vertical  line,  and  then  running  up  this  line  until  the 
horizontal  line  is  reached  which  corresponds  to  its  elevation.  It 
is  well  to  connect  the  points  as  fast  as  they  are  found  by  straight 
lines  drawn  lightly  in  pencil,  free-hand.  (7)  Check  points  by 
reading  their  elevations  directly  from  the  profile  to  see  if  they 
agree  with  those  in  the  level  notes.  Do  not  check  a  point  by 
reading  from  the  level  notes  first  and  then  looking  at  the  pro- 
file, for  if  a  mistake  was  made  in  plotting,  the  mind  is  liable  to 
repeat  it. 

(a)  Suggestions.     Two  men  can  work  to  advantage — one  reads  the  notes 
wbil«  the  other  does  the  plotting.     In  checking  they  change  places,  the  man 
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who  did  the  readme  calls  off  elevations  directly  from  the  flrc^le,  whif*  the 

man  who  did  the  plotting  sees  if  they  agree  with  the  notes.  (2)  Use  a 
fine  pencil-point  or  neeaIe^K>int  for  marking  points.  (3)  When  (hn 
profile  is  about  to  run  off  the  top  or  bottom  of  the  paper  it  may  be  stepped 
(preferably  at  some  accentuated  vertical  line),  and  then  continued  b^ 
beginning  some  whole  number  of  feet  below  <»*  above  the  point  where  it 
was  broken  off.  The  amount  that  the  line  is  thus  lowered  or  raised  should 
be  some  multiple  of  the  interval  between  two  aceentnated  horiaontal 
hnes,  and  the  horixontal  lines  from  tne  break  on  should  be  renumbered 
accordingly.  (4)  Turning-points,  of  course,  are  not  plotted  unless  they 
are  points  of  the  profile.  Benches  are  not  plotted,  thou||^  they  are  often 
described  by  notes  near  the  points  on  the  profile  where  they  would  be 
found.  (5)  To  avoid  the  common  mistake  of  plotting  the  elevations  of 
tumingHsoints  and  benches,  go  through  the  notes,  crossing  off  elevations 
which  should  not  be  plotted.  (6)  Another  common  mistake  is  to  plot  a 
plus  station  on  a  vertical  line  as  if  it  were  a  regular  station  instead  of 
plotting  it  between  vertical  lines  by  estimating  t&e  distance.  (7)  When 
very  accurate  profiles  are  required  a  base-line  may  be  laid  out  on  drawing- 
paper  of  good  quality,  and  the  distances  and  elevations  plotted  by  scale. 
(8)  When  several  copies  of  a  profile  are  required  it  may  be  plotted  on 

Erofile  tracing-paper  or  traeing-cloth  and  process  prints  made,  or  it  may 
e  transferred  by  pricking  through,  or  b.v  carbon  paper,  or  by  some  similar 
method 

559.  Profiles  of  Several  Related  Lines.  Severitl  related  lines 
are  often  plotted  on  the  same  sheet,  one  above  the  other.  Thus, 
for  example,  the  profile  of  the  center  line  of  a  street  may  be 
plotted  about  half-way  between  the  top  and  bottom  edges  of  the 
paper,  the  profiles  of  the  right  and  left  gutter-lines  being  plotted 
near  the  bottom  and  top  respectively.  In  this  case  a  different 
base-line  is  used  for  each  profile.  Another  method  is  to  plot 
the  three  profiles  from  a  conunon  base,  distinguishing  the  lines 
by  different  colors,  as,  for  example,  black  for  the  center-line, 
red  for  the  right  gutter-line,  and  blue  for  the  left  gutter-line. 

560.  La3ing  Out  Grades.  Proposed  grades  may  be  laid 
out  on  a  profile  by  deciding  upon  points  through  which  the 
line  must  pass,  and  joining  successive  points  by  straight  lines. 
Frequently  the  vertical  angles  between  these  lines  must  be 
eliminated  by  vertical  curves  which  may  be  determined  by  one 
of  the  methods  on  pages  289  to  292  and  then  plotted  on  the 
profile. 

561.  Ptotting  a  Profile  from  Contours.  For  any  line  drawn 
across  a  contoiur  map  a  profile  may  be  plotted,  since  at  each 
intersection  of  a  contour  by  the  given  line  an  elevation  is  known, 
and  the  distances  between  these  pomts  of  intersection  may  be 
scaled  from  the  map,  or,  if  the  given  line  is  straight,  they  may  be 
projected  from  the  map  to  the  profile  as  illustrated  in  Fig.  398, 
page  338.  Thus,  for  example,  a  road  may  be  laid  out  on  a 
topographic  map  and  a  close  approximation  to  its  profile  may 
be  obtained  no  matter  how  crooked  or  winding  the  road  may  be. 
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562.  Finishing  Profiles.  Many  of  the  directions  and  sug- 
gestions for  finishing  maps  (Chapter  XLII)  also  apply  to  finish- 
ing profiles,  especially  those  that  pertain  to  inking,  lettering, 
notes,  and  titles.  Additional  suggestions  are:  (1)  Draw  lines 
representing  existing  surfaces  in  black  ink,  and  proposed  changes 
in  red  ink  or  broken  lines.  (2)  When  the  surface  represented 
is  smooth  the  profile  may  be  ruled  with  a  ruUng-pen,  otherwise 
it  should  be  drawn  free-hand.  Thus,  ordinarily,  the  proposed 
changes  are  shown  by  red  lines  carefully  ruled,  while  the  irregu- 
larities of  the  existing  surface  are  represented  by  a  slightly 
wavering  black  line. 

This  irregular  line  though  drawn  free-hand  should  be  of  even 
width.  When,  however,  the  vertical  scale  is  very  small  the 
little  irregularities  between  any  two  plotted  points  on  the  profile 
may  disappear,  in  which  case  the  profile  will  consist  of  a  seHes 
of  straight  lines  each  of  which  is  ruled;  to  draw  them  free-hand 
might  lead  to  inaccuracy  in  the  use  of  the  profile,  since  the 
surface  of  the  groimd  would  be  represented  as  more  irregular 
than  it  really  is.  (3)  In  inking  a  pencil  profile  composed  of 
a  series  of  straight  lines  the  sharp  angles  may  be  smoothed  out 
a  little  unless,  as  in  the  case  of  a  sudden  and  steep  incline,  such 
angles  exist  on  the  groimd.  It  is  not  worth  while  to  do  this, 
however,  if  the  vertical  scale  is  greatly  exaggerated.  (4)  Draw 
the  base-line  in  red  ink.  At  every  point  of  the  grade4ine  where 
the  gradient  changes  draw  a  dotted  or  broken  vertical  line  to 
the  base-line,  and  mark  along  this  line  the  grade  elevation  of  the 
point  and  the  "plus"  if  the  point  is  not  a  full  station,  thus: 
Sta.  Ifi  +  5S  Elev.  =  ll^M.  When  the  elevations  are  those 
of  the  existing  surface  the  figures  and  the  broken  lines  should 
both  be  in  black  ink,  but  when  they  indicate  points  on  a  pro- 
posed surface  both  should  be  in  red.  Among  the  points  where 
the  station  number  and  grade  elevation  should  be  marked  in 
this  manner  are:  At  the  beginning  and  end  of  the  profile;  at 
each  side  of  an  intersecting  street;  at  each  end  of  a  bridge;  at 
the  P.C.  and  P.T.  of  a  horizontal  curve;  at  the  P.C.,  the  P.T.. 
and  the  highest  or  lowest  point  of  a  vertical  curve,  and,  if  the 
curve  is  to  be  staked  out  from  the  profile,  at  intermediate  points 
where  the  elevations  have  been  calculated  or  scaled.  (5)  At  each 
full  station  and  at  such  points  as  those  just  mentioned  mark 
the  cut  or  fill  along  a  vertical  line,  if  possible  in  the  space  between 
the  black  line  representing  the  orginal  surface  and  the  red  line 
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representing  tne  proposed  grade;  or  if  this  space  is  too  smnll 
draw  an  arrow  (o  one  side  and  put  the  figures  near  by,  thus: 
C.  1.4  or  F.  S.6.  (6)  The  rate  of  grade  may  be  printed  along 
the  line  which  represents  the  corresponding  surface,  or  it  may 
be  put  some  distance  below  on  a  horizontal  line  drawn  between 
vertical  lines  to  the  two  pointa  where  the  grade'  begins  and 
ends.  In  the  latter  case  the  Iiorizontal  line  should  be  shown 
like  a  dimension-line  with  an  arrow-head  at  eaeh  end.  (7) 
Sometimes,  in  order  to  make  a  profile  stand  out  more  promi- 
nently, a,  light  flat  tint  is  laid  on,  extending  half  an  inch  or  so 
below  the  line  which  represents  the  original  surface,  or,  in  the 
case  of  a  tracing,  colored  crayon  is  rubbed  on  the  back  of  the 
cloth  mstead  Sometimes  pencil  is  rubbed  on  a  proposed  profile 
and  erased  as  fast  as  the  construction  is  completed  thus  showing 
the  progress  of  the  work  Occasionally  it  is  desired  to  show 
different  materials  as  for  example,  the  different  strata  deter- 
mined by  bormgs  Some  of  the  conventional  signs  are  shown 
in  Fig  662  • 


F^ 


Sti3.  Lettering  tbe  Profile.  Names  of  streets,  streams,  etc., 
and  descriptions  of  benches,  bridges,  culverts,  etc.,  should  be 
printed   along  vertical  lines   directly   above   the  corresponding 
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points  on  the  profile.  Words  should  read  from  the  bottom  up, 
and  all  notes  should  be  at  least  one  inch  above  the  profile  line 
except  the  rate  of  grade,  which  may  be  printed  along  that  line. 

Remark.  On  Ions  profiles,  such  as  those  used  in  railway  work,  some 
eo^iaeers  pteier  to  have  the  vertical  lines  of  lettering  read  from  the  top 
downward  so  that,  in  consulting  a  partly  unrolled  profile,  the  zero  or  left- 
hand  end  may  be  held  toward  the  body  as  if  the  eye  were  looldns  along 
the  general  hne  represented  by  the  prome. 

Notes  should  be  definite  but  brief,  as,  for  example,  '^  B.M.  36. 
Elev  =  126.192.  Tack  in  root  of  Oak  30  ft.  to  left  of  Sta.  36." 
The  elevations  of  the  accentuated  horizontal  lines,  and  the 
station  numbers  of  the  accentuated  vertical  lines,  should  be  in 
heavy  black  figures  on  the  left-hand  and  lower  margins  respect- 
ively. The  title  should  give  the  information  specified  in  Art. 
546  (a).  The  datum  should  always  be  giv^Q  near  the  title. 
Practically  all  the  directions  for  constructing  a  title  for  a  map 
(pp.  523  to  525)  hold  good  for  profiles. 


Part  III 


SURVEYING  INSTRUMENTS* 


INTRODUCTORY 


564.  The  Study  of  Instruments.  When  the  student  Is 
first  learning  to  use  an  instrument  it  is  not  necessary  that  he 
should  study  it  in  detail;  on  the  contrary,  it  is  better  for  him 
to  confine  his  attention  to  the  few  parts  which  he  has  to  manipu- 
late. These  parts  are  visible  and  need  no  description.  When, 
however,  he  has  become  somewhat  accustomed  to  the  use  of 
an  instrument,  he  should  begin  a  careful  study  of  the  different 
parts,  some  of  which  are  not  visible  after  the  instrmnent  has 
been  put  together.  Parts  thus  concealed  are  shown  in  the 
following  pages  by  drawings  or  photographs.  Thus  in  the 
photograph  on  page  551  a  telescope  is  shown  taken  aparty 
and  on  page  565  a  transit  is  shown  in  a  similar  manner. 
The  student  should  not  be  content,  however,  with  merely  observ- 
ing the  construction  of  the  different  parts.  He  should  inves- 
tigate the  properties  of  lenses,  of  magnetic  needles,  of  level- 
bubbles,  the  theory  of  the  telescope,  the  defects  of  construction, 
and  similar  subjects.  In  this  way  he  will  become  familiar  with 
important  facts  and  ftmdamental  principles  which  are  not  evi- 
oent  from  inspection.  A  careful  study  of  this  portion  of  the 
subject  (Chapters  XLIV  and  XLV),  should  precede  the  study 
of  the  adjustments  of  instruments  (Chapter  XL VI). 

*  For  a  nvoro  comprehensive  treatise  on  surveying  instruments  the  8til« 
dent  is  referred  to  rrofessor  I.  O.  Baker's  excellent  book  entitled  ^*Enr 
ffineera*  Surveying  Inairumenta'*  (John  Wiley  &  Sons). 
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CHAPTER  XLIV 


PRIMARY  PARTS  OF  SURVEYING  INSTRUMENTS 

There  are  certain  primary  parts,  such  as  the  vernier,  t  ^e  magnetic  neecQe. 
the  level-bubble,  and  the  telescope,  which  are  more  or  less  common  to  all 
surveying  instruments.  These  parts  are  discussed  in  this  chapter  prepara* 
tory  to  a  study  of  the  instruments  themselves  in  the  next  chapter.  In 
some  cases  the  discussion  is  little  more  than  a  review  of  certain  fundamental 
principles  of  physics. 


565.  The  Vernier,  invented  in  1631  by  Pierre  Vernier,  is  a 
device  for  measuring  the  fractional  part  of  one  of  the  smallest 
divisions  of  a  graduated  scale.  It  usually  consists  of  a  small 
sliding  scale  running  parallel  to  and  in  contact  with  a  fixed 
scale  or  a  graduated  arc.  The  divisions  of  the  vernier  instead 
-  of  being  equal  to  the  divisions 

/  A  "^ '        ^    on  the  graduated  scale  or  arc, 

'■■>  >  i'l  J  ■'  .1  ■!■'■  '■  '■  -t  li '  '   '  ^    are  either  just  a  little  smaller 

or  a  L'ttle  larger.    The  amount 
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by  which  the  smallest  division 
on  the  vernier  diflFers  from  the 
smallest  division  on  the  gradu- 
ated scale  or  arc  determines 
the  smallest  reading  or  least 
count  of  the  vernier. 

I  |>  (a)  Illustration.  Fig.  565  id)  aiMOWB 

at  ^  a  portion  of  a  scale    divided 


5     3— j      c  ^     \ 
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into  inches  and  tenths  of  an  inch, 
with  a  vernier  attached.  The  same 
scale  is  shown  at  B,  C,  and  D,  but 
the  vernier  has  been  moved  in  each 
case.  At  A  the  vernier  xero  is  r.t 
the  3-inch  mark  of  the  scale,  and 
^ 'Oy  it  is  seen  that   10  divisions  of  the 

vernier  cover  a  space  equal  to  9  di- 
Fio.  565  (a).  visions    on    the    scale,     hence    one 

division  on  the  vernier  is  *»fiual  to 
0.9  + 10=0.09  inch  long,  and  is  0.01  inch  shorter  than  the  smallest  divisions 
on  the  scale.  If,  therefore,  the  vernier  is  moved  along  the  scale  until  the 
first  mark  on  the  vernier  ("not  counting  the  zero)  is  exactly  opposite  to  the 
corresponding  mark  on  the  scale  (as  shown  at  B),  the  vernier  zero  musk 
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le.    If  moved  until  the  se«- 
nch  irom  tfie  3-inch  mark. 


I'inch  mark,  and 


b«  O^t  inch  fram  the  3-inch  mark 

Tbua  bj  moving  the  vernier  0.01  in 
will  coincide  wit^  &  marii  on  the  bcb 
Bit«  to  the  correBBondiQE  mark  on 
Dler  rero  ie  Q.OS  lech  fmm  Che  S-inc 
inch  will  then  bring  the  lem  of  the  ^ 
the  process  will  bcKin  sgnin. 

(b)  Reading  the  vernier.    From  the  preceding  iUuatratioa 

it  is  evident  that  when  the  zero-point  of  the  vernier  is  between 
any  two  adjacent  marks  on  the  acale,  ite  position  may  be  deter- 
mined by  observing  which  mark  on  the  vernier  is  exactly  oppo- 
site eone  mark  on  the  scale.  For  this  reason  the  zero-mark 
of  a  vernier  frequently  serves  as  an  indicator  tor  the  movable 
part  of  an  instrument  to  which  the  vernier  is  faateoed.  For 
example,  when  a  vernier  is  attaclied  to  ^ 
the  target  of  a  leveling-rod  (as  shown  o 
p.  231),  the  zero  point  of  the  vernier  i 
placed  opposite  the  horizontal  center  line 
of  the  target,  so  that  when  this  center 
line  (and  the  vernier  zero)  stops  between 
two  adjacent  graduation  marks  c 
rod,  the  fractional  reading  may  be  ob- 
tained from  the  vernier.  There  are  al- 
ways two  steps  involved  in  the  whole 
reading,  viz.: 

(1)  Note  the  position   of  the    ' 
zero  with  respect  to  the  main  (stationary) 
scale,  paying  no  attention  to  the  other 
marks  of  the  vernier. 

(2)  Observe  which  mark  on  the  vemiei 
is  opposite  or  most  nearly  opposite  i 
mark  on  the  scale,  and  add  this  reading 
to  that  obtained  in  (1). 


only  « 


3— 


_  ejcplttioad  farther  on, 

(d)  lUuatratian.     In  Fig.  565 

0.01  (t..  and  the  divieiooi  on  t 

0X101  ft.  lets  than  the  nnaUnl 

On  the  scale  marked  S  the  tt 


inOM  tU+t}W6 -O^iS  ft 
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<fieator  is  just  half  way  between  034  and  0J35  ft.  On  the  scale  HUiricad  T 
the  reading  is  OAO+OjOO?— 0.407  ft.  A  ccmmioD  mistake  would  be  to  «afl 
it  0.47  ft. 

Remark.  In  reading  a  vernier  thone  are  certain  danget'wmla  when 
mistakes  similar  to  that  indicated  abare  are  Hk^y  to  occur.  These  points 
for  verniers  on  lev^ng-rods  are  pointed  out  on  pages  22^23],  aad  for 
Imnat  verniers  on  pages  76-83. 

(e)  Direct  and  retrograde  verniers.  A  direct  vernier  is 
one  in  which  the  smallest  division  on  the  vernier  is  shorter 
than  the  smallest  division  on  the  main  scale.  In  a  retrograde 
vernier  a  division  on  the  vernier  is  longer  than  a  division  on 
the  scale.  Most  verniers  on  surveying  instrmnents  are  direct^ 
such  as  those  shown  in  Figs.  565  (a)  and  565  (d). 

(f)  Remark.  In  reading  a  retrograde  vernier  proceed  exactly  as  if  It 
were  a  direct  vernier,  observing,  however,  that  the  divisions  are  numbered 
backward,  or  in  an  opposite  direction  from  the  numbers  on  the  main  scale. 

Retrograde  verniers  are  used  on  leveling-rods  which  read  doumward  from 
the  center  of  the  target  instead  of  upward.  (See  page  230  for  tariprt  ver- 
niers which  are  direct  and  hence  r^ul  upward.)  Ketrograde  vemiera  a~e 
also  used  in  special  forms,  such  as  those  described  on  page  83. 

(g)  To  determine  the  smallest  reading  or  least  count  of 
a  vernier:  (1)  Observe  how  many  divisions  on  the  scale  corre- 
spond to  the  same  number  plies  one  {on  a  dire^  vernier)  or  minus 
one  (on  a  retrograde  vernier). 

(2)  Divide  the  value  of  the  smallest  division  on  the  scale  by  the 
number  obtained  in  (1). 

In  algebraic  terms  let  c?  =  length  of  the  smallest  division  on 
the  scale,  v= length  of  smallest  division  on  the  vernier,  n=athe 
nmnber  of  d*8  which  added  together  equal  (n+1)  v's  for  direct 
or  (n— 1)  v'b  for  retrograde  vernier.  Then  nd={n+l)v  (direct) 
or  nd  =  (n^l)v  (retrograde). 

Hence  the  smallest  reading  of  the  vernier  is 

d—v^ — rr  (direct)  or  d—v= 7  (retrograde).    .     (I) 

n+1  n  —  l  ^        o-       '  *  / 

On  many  surveying  instniments  verniers  are  so  constructed 
that  the  above  rule  may  be  simplified  to: 

Divide  the  value  of  the  smallest  division  on  the  scale  by  the  num^ 
ber  of  divisions  on  the  vernier. 

(h)  Verniers  for  leveling- rods  and  transits.  The  prin- 
cipal use  of  the  vernier  in  surveying  is  in  taking  target  readings 
in  leveling,  and  in  reading  angles  in  transit  work-  The  ver- 
niers on  targets  are  similar  to  that  shown  in  Fig.  565  (rf)  and 
are  fully  illustrated  on  page  230;   they  should  not  be  confused 
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with  the  ordinaiy  scale  used  on  many  targets,  and  illustrated 
on  page  228. 

The  vernier  on  the  transit  is  divided  into  spaces  correspond- 
ing to  angular  measure  instead  of  linear;  the  principle  how- 
ever is  exactly  the  same.  Illustrations  of  tran^t  verniers  are 
given  on  pages  78  to  82. 

566.  The  Magnetic  Needle.*  (a)  Dip  of  the  needle.  A 
needle  which  is  perfectly  balanced  before  it  is  magnetized  will, 
after  it  is  magnetized,  dip  towards  the  pole,  and,  in  the  northern 
hemisph^^,  the  farther  north  the  needle,  the  more  its  northern 
end  will  be  attracted  downward.  In  order  to  counteract  this 
tendency,  a  small  wire  coil  is  placed  around  the  needle  to  act 
€U3  a  weight  on  its  southern  half.  As  the  dip  varies  in  diff^^ent 
localities  this  little  weight  may  be  slipped  in  ev  out  along  the 
needle  to  preserve  a  perfect  balance. 

(h)  Magnetic  declination.  The  magnetic  needle  does  not 
point  directly  north  except  in  a  few  localities.  In  some  places 
it  points  west  of  north,  in  other  places  east  of  north.  The 
meridian  in  which  a  needle  properly  magnetized  and  propeiiy 
balanced  comes  to  rest  at  any  given  place  and  time  is  called 
the  magnetic  meridian  for  that  plcu^e  and  time,  and  the  angle 
between  a  magnetic  meridian  and  a  true  north  and  south  merid- 
ian is  the  corresponding  declination  of  the  needle  or  the  mag^ 
netic  declination.  In  some  places  this  declination  is  practi- 
cally nothing,  while  in  other  places  it  is  very  large.  Thus  in 
central  Ohio  it  is  nearly  zero,  but  in  Maine  it  is  18®  west,  while 
in  the  State  of  Washington  it  is  23®  east.  (See  Isogonic  Chart.) 
As  the  magnetic  meridian  at  any  given  place  is  continuously 
changing  there  are  corresponding  variations  of  declination.    . 

Variations  op  declination.  (1)  Secular  variations,  (2) 
diurnal  variations,  (3)  irregular  variations,  (4)  annual  variations, 
and  (5)  lunar  variations.  The  last  two  are  so  small  that  they 
may  be  neglected. 

(c)  The  secular  variation  is  the  slow  variation  in  the  magnetic 
declination  which  takes  place  with  the  lapse  of  time,  requiring 
several  hundred  years  for  its  full  development.  This  change 
appears  to  be  periodic  in  its  character,  like  the  motion  of  a 
pendulum;   that  is,  the  compass  needle,  after  moving  continu- 

*  For  a  treatise  on  this  subj«ot  see  Magnetic  Declination  Tables  and  Ito- 
aanic  Charts  for  1902  and  Principal  Facta  Relating  to  the  Earth's  Magnetism, 
by  L.  A.  Bauer  (U.  S.  Coast  and  Geodetic  Survey). 
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ously  in  one  direction  for  a  long  term  of  years,  gradually  comefl 
to  a  standstill,  and  then  begins  a  motion  in  the  opposite  direc- 
tion. Thus  at  Portland,  Maine,  the  declination  appears  to 
have  been  12®  west  in  1700,  then  decreasing  to  only  8°  west  in 
1780,  then  increasing  again  until  now  it  is  more  than  14®  west. 

In  the  work  of  the  surveyor  secular  variation  is  very  impor- 
tant, and  unless  otherwise  specified  it  is  the  variation  conmionly 
referred  to.  The  rate  of  variation  is  different  for  different 
places,  and  the  change  per  year  at  a  given  place  is  not  a  con- 
stant quantity,  as  frequently  assumed  by  the  surveyor.  The 
change  per  year  (which  should  not  be  confused  with  annual 
variation)  is  greatest  near  the  middle  point  of  the  swing  re- 
ferred to  above,  and  becomes  less  and  less  as  the  extremes  are 
approached.  Thus  at  San  Francisco,  where  the  needle  has 
apparently  reached  its  extreme  easterly  position,  the  variation 
per  year  at  present  is  almost  zero. 

In  the  eastern  part  of  the  United  States  declinations  (west) 
are  increasing,  while  in  the  western  part  declinations  (east) 
are  decreasing. 

The  difference  in  the  rate  of  variation  may  be  shown  by 
taking  a  few  cities  at  random: 

Approximate  Annual  Change  in  Minutes. 

1895  1900  1902 

Baqgor,  Me +1.5  +0.9  +0.1 

New  Haven,  Conn +3.3  +3.0  +1.8 

New  Orleans,  La +4.3  +4.3  +3.5 

San  Francisco,  Cal -0.1  +0.1  +0.1 

The  decimations  at  a  given  place  for  a  number  of  successive 
years  are  sometimes  given  by  an  empirical  formula,  but  the 
various  formulas  for  different  places  are  not  always  reliable. 
It  is  better  for  a  surveyor  to  determine  the  declination  for  him« 
self  at  the  place  where  he  is  working,  by  observations  on  Polaris^ 
or  by  some  similar  method.     (See  Chapter  XXVIII.) 

(d)  The  diurnal  variation  is  the  change  in  the  direction  of 
the  needle  from  hour  to  hour  during  the  day,  from  its  most 
easterly  position  of  the  needle  at  about  8  a.m.  to  its  most  wester- 
ly position  at  about  1.30  p.m.  The  needle  is  in  its  mean  position 
between  10  a.m.  and  12  m.,  and  between  5  and  6  p.m.,  and  hence 
during  those  periods  the  daily  variation  may  usually  be 
ignored.  The  amount  of  variation  differs  for  different  localities, 
and  for  different  seasons  of  the  year  in  the  same  locality.    The 
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total  movement  in  the  United  States  is  from  3  to  12  minutos, 
and  is  greatest  in  the  months  of  June,  July,  and  August. 

(e)  The  annual  variation  is  a  cyclical  change  having  the  year 
as  a  period,  and  should  not  be  confounded  with  the  change 
per  year  due  to  secular  variation,  for  the  latter  is  a  progressive 
change.  The  annual  variation  amounts  in  most  places  to  less 
than  one  minute  and  can  be  neglected  for  all  pract^al  purposes. 

(/)  Irregular  variations  are  due  to  magnetic  disturbances  or 
storms  which  may  occur  at  any  time  and  cannot  be  predicted. 
Variations  of  this  kind  amoimting  to  more  than  a  degree  have 
been  observed. 

(g)  IsoGONic  LINES  are  imaginary  lines  passing  through 
places  where  the  magnetic  declination  is  the  same  at  a  given 
time.  From  inspection  of  the  isogonic  chart  given  in  the  back 
of  this  book  the  isogonic  lines  are  seen  to  be  very  irregular. 

(h)  The  agonic  line  passes  through  places  where  the  decli- 
nation at  a  given  time  is  zero.  In  the  United  States  this  line 
passes  through  South  Carolina,  Ohio,  and  Michigan,  and  is 
slowly  moving  westward.  For  places  east  of  this  line  the  declina- 
tion is  west  and  for  places  west  it  is  east.  This  fact  is  a  help  in 
remembering  whether  the  declination  for  a  given  place  is  east 
or  west. 

(i)  Local  attraction  is  a  term  used  to  denote  any  influ- 
ence which  prevents  the  needle  from  pointing  to  the  magnetic 
north  in  a  given  locality.  In  its  strict  sense  it  does  not  include 
avoidable  attraction  due  to  things  about  the  person  or  to  other, 
sources  not  connected  with  the  place  where  the  needle  is  read. 
Some  of  the  sources  of  local  attraction  are:  Magnetite  in  the 
ground,  trolley-wires,  steel  structures,  railroad-rails,  under- 
ground iron  pipes,  etc.  Contrary  to  a  common  belief,  iron 
ores  do  not  affect  the  needle  unless  they  contain  magnetite 
or  pyrrhotite.  Sojne  of  the  avoidable  sources  of  attraction  are: 
Keys,  knives,  steel-bowed  spectacles,  spectacle  cases  (which 
though  covered  with  leather  may  be  solid  steel  inside),  wire 
in  a  hat  brim,  metal  buttons,  and  other  bits  of  iron  or  steel 
about  the  person;  also  axes,  chains,  steel  tapes,  etc.,  which 
may  be  lying  on  the  groimd  nearby. 

Note.  In  retracing  an  old  survey  made  many  years  ago,  it  was  found 
that  the  bearings  of  all  the  courses  were  incorrectly  given  on  the  original 
map,  and  the  errors  were  so  large  as  to  indicate  that  something  was  wrong 
with  the  compass  originally  used.  Fortunately  the  instrument  was  still 
in  existence,  and  an  examination  disclosed  the  presence  of  a  steel  screw 
in  the  compass-box. 
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567.  The  Level-bubble.  The  Interior  surface  of  the  glass 
tube  of  a  spirit-level  should  be  ground  so  that  a  longitudinal 
section  will  show  a  circular  arc.  The  more  uniform  this  curva- 
ture is  throughout  the  length  of' the  tube  the  more  regular  will 
be  the  motion  of  the  bubble^  and  the  greater  the  radius  of  cur- 
vature the  greater  the  sensitiveness  of  the  bubble.  Within 
reasonable  limits  the  more  sensitive  the  bubble  the  more  per' 
feet  the  work,  though  a  very  sensitive  bubble  may  be  too  un- 
steady for  many  purposes;  on  the  other  hand  a  sluggish  bubble« 
though  it  may  give  the  appearance  of  steadiness  to  an  instrur 
ment,  and  an  impression  that  it  ''keeps''  its  adjustment,  is 
incapable  of  accurate  work. 

The  fluid  used  in  spirit-levels  is  usually  alcohol  or  ether. 
Pure  alcohol  is  slow-acting,  requiring  some  time  to  settle  or 
to  obtain  its  equilibrium,  while  ether  is  quick-acting,  but  is  objec- 
tionable on  account  of  too  great  contraction  and  expansion 
for  slight  changes  of  temperature.  Some  makers  combine  the 
two.  Whatever  fluid  is  used  the  length  of  the  bubble  changes 
with  variation  in  temperature,  and  as  the  bubble  grows  shorter 
it  becomes  less  sensitive.  If  the  whole  tube  becomes  over- 
heated as  it  sometimes  does  when  left  in  the  sun,  the  bubble 
may  become  so  short  as  to  be  nearly  useless.  If  one  end  of 
the  tube  becomes  warmer  than  the  other,  the  tendency  is  for 
the  bubble  to  moA'e  toward  the  warmer  end.  (See  experiment* 
p.  227,  and  Art.  350  (a),  p.  272.) 

The  line  tangent  to  the  circular  arc  of  the  tube  at  its  middle 
point,  or  a  line  parallel  to  this  tangent,  is  called  the  ctxis  of  th$ 
bubble-tube.  When  this  axis  is  horizontal  the  bubble  will  be 
in  the  center  of  the  tube.  Should  the  axis  become  slightly 
inclined  the  bubble  will  move  toward  the  higher  end  of  the 
tube  in  proportion  to  the  angle  made  by  the  axis  with  the 
horizon.  The  glass  tube  is  usually  graduated  on  top  by  marks 
0.01  ft.  apart.  The  value  of  a  level-bubble  is  usually  expressed 
by  the  change  which  takes  place  in  the  inclination  of  the  axis 
when  the  bubble  moves  over  a  single  space.  Thus  in  a  1-minutc 
level  for  a  displacement  of  one  division  the  inclination  changes 
1  minute,  and  in  a  20-second  level  it  changes  20  seconds.  The 
value  as  given  by  the  makers  for  any  particular  level  is  fre- 
quently found  by  actual  tests  to  be  erroneous.  The  engineer 
can  test  for  himself  the  sensitiveness  of  a  bubble  by  the  method 
given  below. 
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When  a  level-bubble  is  attached  to  a  telescope  the  relation 
between  the  sensitiveness  of  the  bubble  and  the  magnifying 
power  of  the  telescope  should  be  such  that  the  smallest  ver- 
tical movement  of  the  cross-hairs,  which  is  visible  to  the  eye> 
is  followed  by  an  appreciable  movement  of  the  bubble.  For  A 
good  transit  the  bubble  attached  to  the  telescope  should  have 
a  sensitiveness  of  not  less  than  0.01  ft.»25"  of  arc,  while  that 
of  the  plate-levels  should  be  not  less  than  0.01  ft. « 40"  of  arc. 
For  a  good  wye-level  or  dumpy  level  the  sensitiveness  should 
be  not  less  than  0.01  ft. —  1 6"  of  arc. 

Circular  bubbles  are  sometimes  used  for  the  plumbing-levels 
attached  to  leveling-rods,  and  are  occasionally  foimd  on  transits 
and  other  instruments. 

(a)   To    TEST    THE    SENSmVBNBBS    OF   A    BUBBLE.      AsSUmiug 

that  the  bubble-tube  is  attached  to  the  telescope  of  a  level,  the 
angular  value  of  the  bubble  may  be  found  as  follows:  (1)  Set 
up  the  level  and  hold  a  leveling-rod  on  some  point  a  known  dis- 
tance from  the  instrument.  (2)  Take  two  readings,  one  with 
the  bubble  two  or  three  divisions  to  one  side  of  the  center,  the 
other  with  the  bubble  about  the  same  number  of  divisions  the 
other  side  of  the  center.  (.3)  The  difference  in  readings  divided 
by  the  distance  to  the  rod  is  the  natural  tangent  of  the  angle 
between  the  two  lines  of  sight.  Divide  this  tangent  by  the 
tangent  of  1"  of  arc  (0.00000486),  thus  obtaining  the  value  of 
the  angle  in  seconds  of  arc.  Divide  the  result  by  the  number 
of  divisions  between  the  two  positions  of  the  bubble;  the  resu't 
is  the  average  value  in  seconds  of  a  single  division. 

SugoesiUm.  (1)  Set  the  level  up  in  the  shade  with  twn  diagonally  oppd- 
site  levelibg-'screws  in  the  line  to  the  leveling-rod.  Change  the  position  df 
the  bubble  by  means  of  these  screws.  Probably  better  results  will  be 
obtained  if  an  extra  man  acts  as  bubble-tender.  (2)  In  measuring  off  & 
base  line  to  the  rod  it  saves  arithmetical  work  to  make  it  an  even  200  or 
300  ft.  (3)  Repeat  the  test,  holding  tlie  rod  at  different  distahces  and 
displacing  the  bubble  by  different  amount<).  (4)  Any  bubble-tube  other 
than  a  telescope  level  may  be  tested  in  a  similar  manner  by  attaching  it 
rigidly  to  a  telescope,  with  its  axis  approximately  parallel  to  thfe  line  of 
sight.  (5)  There  are  small  instruments  called  level-triers  especially  designed 
for  testing  levels.  (6)  Draw  a  figure  and  phow  that  if  D  is  the  distance 
from  the  itifetrumeht  to  the  rod,  R  the  radius  of  curvature  of  the  level- 
tube,  d  the  length  of  one  division  of  the  scale,  and  h  the  difference  in  two 
rod-readings  when  the  bubble  is  moved  over  n  divisions  of  the  ecale.  then 

568.  The  Theory  off  Lenses.  Jn  order  to  understand  the 
construction  of  the  telescope  it  is  necessary  first  to  study  some 
of  the  most  important  properties  of  lenses.    The  different  forma 
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of  lenses  most  used  in  telescopes  are:  (1)  Double-convex  (con- 
vex on  both  sides);  (2)  plano-convex  (plane  on  one  side,  con- 
vex on  the  other);  (3)  concavo-convex  (concave  on  one  side, 
convex  on  the  other).  No  one  of  these  forms  is  used  singly, 
but  two  or  more  are  combined  to  correct  certain  defects  which 
could  not  be  overcome  in  a  single  lens.  It  is  unnecessary  to 
give  here  a  complete  statement  of  the  theory  of  lenses;  it  will 
suffice  to  point  out  the  principles  which  apply  to  the  passage 
of  light  through  a  double-convex  lens.  These  principles  are 
in  general  the  same  for  the  other  forms. 

Remark.  The  figures  in  this  article  are  not  drawn  to  scale  and  are 
necessarily  much  distorted. 

(a)  Double-convex  lenses.  Each  of  the  two  surfaces  of 
the  double-convex  lens  is  a  portion  of  a  sphere,  and  the  line  pass- 
ing through  the  centers  of  these  two  spheres  is  the  principal 
axis.  If  the  radii  of  these  two  surfaces  are  equal,  the  optical 
center  is  at  the  geometrical  center  of  the  lens.  If  the  lens  is 
very  thin  it  may  bo  assumed  that  any  ray  of  light  passing 
through  its  center  undergoes  no  deviation.     The  principal  fociis 

of  a  convex  lens  is  the  point  of 

_^^^ its  principal  axis  where  rays  of 

f'  ^<'-''"^mr^^^^S£Z~v:  light  parallel  to  that  axis  are  con- 

'•^^r-^-^^R.^'^^^^  _        verged  (approximately)  after  pass- 

—JM-r^ ing  through  the  lens,  and  in  the 

t:u     ei>o  /TN  ordinary   double-convex    lens    the 

two  principal  foci  are  on  the 
principal  axis  equal  distances  from  the  optical  center.  Thus  in 
Fig.  568  (I),  A  A  is  the  principal  axis,  C  the  optical  center,  and 
F  and  F'  the  principal  foci.  The  distance  FC,  equal  to  F'C, 
is  the  focal  length  which,  for  a  given  lens,  is  always  constant. 
The  focal  length  depends  upon  the  curvature,  not  upon  the 
size  of  the  lens,  but  as  large  lenses  usually  have  longer  radii 
of  curvature  than  small  lenses  their  focal  lengths  are  usually 
greater. 

Proposition  I.  A  cone  of  rays  from  a  point  located  at  either 
focus  becomes  a  cylinder  of  rays  after  passing  through  the  lens, 
the  axis  of  the  cylinder  coinciding  ivith  the  principal  axis  of  the 
lens.  Conversely  rays  of  light  parallel  to  the  principal  axis  con- 
verge at  a  principal  focus  after  passing  through  the  lens. 

TUuafration.    In  Fig.  568  (I),  the  full  lines  converge  at  F  after 
through  the  lens  and  the  dotted  lines  at  ^. 
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Illustration.  The  rays  from  tlie  ««un  are  practically  paraUeJ,  and  in  the 
familiar  experiment  of  burning  a  hole  in  paper  with  a  readins-Klass,  the 
rays  are  converged  at  the  principal  focus  of  the  glass. 


.ttr.T;.T.~/s 


Fig.  568  (II). 

Proposition    II.     Rays    diverging    from    any    point  converge 

approximately  at  a  real  focus  after  passing  through  the  lens, 

provided   the   distance  from   the   optical   center   to   the  point  is 
GREATER  than  the  focal  length  of  the  lens. 

Illutftratwn.  In  Fig.  568  (II),  a  cone  of  rays  from  any  point  A  beyond 
the  focus  F  becomes  another  cone  of  rays  after  passing  through  the  lens, 
cx)n verging  at  a  point  B  beyond  the  other  focus  F' .  Conversely  rays  from  B 
converge  at  A . 

Conjugate  foci.  If  rays  of  light  from  any  point  converge  at 
a  second  point  after  passing  through  a  lens,  and  if,  vice  versa, 
rays  from  the  second  point  converge  at  the  first,  the  two  points 
are  called  conjugate  foci.  Thus,  for  example,  A  and  B  in  Fig. 
568  (II)  are  conjugate  foci  as  are  also  A'  and  B/.  The  line  join- 
ing conjugate  foci  passes  through  the  optical  center  of  the  lens. 
When  conjugate  foci  are  not  in  the  principal  axis  the  line  join- 
ing them  is  called  a  secondary  axis,  e.g.,  A'B'.  If  /^  and  f^  are 
the  distances  from  the  optical  center  to  conjugate  foci,  and  / 
is  the  focal  length  of  the  lens,  then  from  a  principle  of  optics 


1+1=1 

L     h     f 


(1) 


Prom  the  above  equation  it  is  evident  that  both  f^  and  /, 
must  he  greater  than  the  foc^l  length. 


Fig.  668  (III). 
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Proposition  III.  Rays  diverging  from  any  point  eonimuB  to 
diverge  after  passing  through  the  lens  as  if  they  came  from  a  m* 
called  VIRTUAL  focus  behind  the  pointy  provided  the  distance 
from  the  optical  center  to  the  point  is  LESS  than  the  focal  length 
of  the  lens. 

Illustration.  In  Fig.  568  (III)  rays  diverging  from  any  point  (7  at  a 
distance  g  less  thaa  /  continue  to  diverge  after  ]>assiag  throu^  the  lens, 

t  though    lens    rapidly    than    before. 
They  will  therefore  appear  to  radi- 
ate not  from  G  but  from  £f,  a  point 
^"^^^^                    behind  G.     //  is  a  conjugate  focus, 
~  v~--'2~r-«.»u        but  tlie   rays  do  not  actually  pass 
IZTJ''''-""'              fhrough   it  as   in   the    other    cases, 
hence  it  is  called  a   virtwd  conjw 
gate  locna. 
(h)  Formation  of  images. 
_  If   the  source  of  licht  is  an 
■7-t>^                extended  surface,  then  the  cone 
r^-^^=^-"^^     ft  J.'  £  i_ 
=->^*>H      of  rays  emanating   from   each 

point  forms,  its  own  focus  after 
passing  through  the  lens;  »nd 
the  collection  of  foci  constitutes  an  image  which  is  real  and 
inverted  if  the  foci  are  real,  but  virtual  and  erect  if  the  foci  are 
virtual.  The  relative  sizes  of  the  object  and  image  are  aeii- 
Fibly  proportional,  if  the  lens  is  thin,  to  their  respective  dis- 
tances from  the  optical  center. 

From  Proposition  III,  if  an  object  is  between  a  lens  and 
one  of  its  principal  foci,  the  image  is  virtual  and  erect,  and  is 
larger  than  the  object.  This  is  the  fundamental  prineif^  upon 
which  magnifying  glasses,  microscopes,  and  eyepieces  ol  tele- 
scopes are  constructed. 

From  Proposition  I,  if  an  object  is  at  either  of  the  principal 
foci,  no  image  is  formed  (unless  it  is  at  infinity)  for  the  cone 
of  rays  from  any  point  become  parallel  after  passing  through 
the  lens. 

From  Proposition  II,  if  an  object  is  beyond  one  of  the  prin- 
cipal foci,  its  image  is  real  and  inverted,  and  lies  on  the  oppo- 
site side  of  the  lens  beyond  the  other  principal  focus.  This  is 
the  fundamental  principle  upon  which  the  object-glass  of  a 
telescope  is  constructed. 

From  Equation  1,  if  the  distance  from  the  object  to  the  lens 
is  less  than  twice  the  focal  length,  the  image  is  larger  than  the 
object  and  at  a  greater  di.stance  from  the  lens;  if  the  distance 
is  exactly  equal  to  twice  the  focal  lengthy  the  object  and  itf 
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image  are  of  equal  edze  and  equally  distant  from  the  lens;  if 
the  distance  is  more  than  twice  the  focal  length,  the  image  is 
smaller  than  the  object  and  less  than  twice  the  foc^  length 
from  the  lens.  In  all  three  cases  the  object  and  its  image  arQ 
on  opposite  sides  of  the  lens,  and  the  image  is  real  and  inverted. 
The  farther  an  object  recedes  from  a  lens  the  nearer  its  image 
approaches  the  lens,  until  with  the  object  at  infinity  the  image 
is  at  a  principal  fcxjus,     (Proposition  I.) 

(^e)  Note*  An  linage  formed  by  -a  single  lena  is  never  perfectly  diatioct  • 
on  account  of  spherical  and  chromatic  aberrations  of  the  lens.  The  former 
is  due  to  the  fact  that  the  rays  of  light  passing  through  th^  ^oa  near  the 
edge  converge  at  a  point  slightly  nearer  the  lens  than  that  m  which  the 
central  rays  me^t;  the  latter  to  the  fact  that  rays  of  differwit  colors  foPQi 
their  foci  at  dififerent  distances.  Spherical  aberration  can  be  corrected  by 
making  the  surfaces  of  forms  other  than  spherical,  or  by  combining  two  or 
more  lenses  properly  proportioned;  chromatic  aberration  cmly  by  eou- 
bining  two  or  more  convex  and  concave  lenses  of  difTerept  materials-  Thuf^ 
for  example,  the  objective  in  the  telescope  of  a  survesang  instrument  is  an 
achromatic  lens  composed  of  a  double-convex  crgtimr(fiasa  and  a  conc^VQ* 
convex  ftint  gHasa  lens. 

569.  The  Telescope,  (a)  The  telescope  shown  in  the  photo- 
graph on  page  55  X  is  similar  to  those  used  on  £^11  surveying 
instruments.  The  object-glass  at  A  gathers  the  rayp  of  light 
from  an  object,  and  forms  an  in\«erted  image  m  the  plane  of 
cross-hairs  at  DD.  The  eyepiece,  extending  from  E  to  F, 
magnifies  both  the  inverted  image  and  the  cross-hairs.  In 
some  telescopes  the  image  appears  to  be  erect,  while  in  othera 
it  remains  inverted.  The  difference  lies  wholly  in  the  eye- 
piece, as  will  be  explained  farther  on. 

•The  eyepiece,  shown  by  itself  at  F'G,.  is  similar  to  a  micro- 
"scope.  When  in  place,  the  end  G  moves  through  a  ring  at  EE, 
A  separate  view  of  this  ring  at  E*E'  shows  the  four  screws  thfttj 
hold  it  in  place.  •  These  screws  pass  through  smooth  holes  (not 
threaded)  in  the  shell  of  the  telescope,  so  that  by  unscrewing 
and  screwing  opposite  screws  the  ring  may  be  drawn  from  one 
side  to  the  other  for  the  purpose  of  centering  the  end  G  of  the 
eyepiece.  (See  p.  601.)  The  eyepiece  shovm  is  an  erecting 
eyepiece  and  has  four  lenses,  one  at  F'  one  at  (?,  and  two  be-» 
tween  F'  and  G.  The  eyepiece  may  be  moved  in  or  out  for 
focusing  by  turning  the  piece  F'M  so  that  the  projecting  head 
of  a  screw  works  in  the  spiral  slot  shown  at  .V.  ^ome  eye-« 
pieces  are  focused  by  a  rack  and  pinion  similar  to  that  used 
for  the  object-glass. 

The  object-glass  is  set  in  the  end  of  a  tube  shown  in  a  aepa* 
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rate  view  at  A'K.  The  end  K  moves  through  a  ring  at  CC 
similar  to  the  ring  shown  at  E'E'j  and  it  may  be  centered  by 
adjusting  this  ring  in  the  manner  explained  above  for  the  eye- 
piece ring.  The  object-glass  may  be  moved  in  and  out  for 
focusing  by  turning  a  screw  at  B,  At  the  inner  end  of  this 
screw  is  a  pinion  (shown  at  B')  which  works  in  a  rack  shown  at 
H,  and  thus  moves  the  whole  piece  that  carries  the  object-glass. 
The  cross-hair  ring  at  DD  is  shown  in  a  separate  ^new  at  lyiy. 
It  may  be  moved  up  or  down  and  from  side  to  side  by  turning 
the  capstan  screws  which  pass  through  smooth  holes  (unthreaded) 
in  the  shell  of  the  telescope.  (See  p.  587.)  The  cross-hairs  are 
spider-webs  (or  very  fine  platinum  wire)  almost  invisible  to  the 
eye,  and  therefore  not  visible  in  the  photograph.  The  whitish 
lines  on  the  ring  at  right  angles  to  each  other  are  caused  by 
the  shellac  which  fastens  the  cross-hairs.  Underneath  the 
shellac  are  very  fine  scratches  to  aid  in  replacing  broken  hairs. 
(See  p.  616.) 

Note.  It  is  very  important  for  purposes  of  adjustment  to  undeTStand 
clearly  how  the  capstan  screws  control  the  movement  of  the  croas-hair 
rmg,  or,  as  it  is  often  called,  the  reticle.  The  cross-hairs  must  be  fastened 
to-  this  ring  at  right  angles  to  each  other  before  the  ring  is  placed  in  tiie 
telescope,  as  they  cannot  be  changed  in  this  respect  afterward.  Notioe, 
however,  that  the  holes  in  the  telescope  through  which  the  screws  pass 
are  not  threaded;  on  the  contrary,  they  are  a  little  larger  than  the  screws, 
so  that  when  the  latter  are  loose  the  whole  ring  may  be  turned  slishtly 
by  moving  the  four  capstan  heads  simultaneously  around  the  outside  <3l  . 
the  telescope  \mtil  one  cross-hair  is  vertical  and  the  other  horisontal.  When 
the  capstan  screws  are  tight,  each  screw  presses  a  curved  washer  (shown 
in  the  photograph)  against  the  outside  surface  of  the  telescope.  When 
one  screw  is  loosened  and  the  opposite  screw  tightened,  the  wnole  ring  n 
drawn  toward  the  tightened  screw  (since  the  holes  in  the  shell  of  tlie  tele* 
scope  are  smooth)  until  the  loose  dcrew  and  its  washer  are  brought  into 
contact  again  with  the  outside  of  the  telescope.  Notice  that  before  tighten-^ 
ing  one  screw  the  opposite  screw  should  be  loosened,  otherwise  the  ring 
cannot  move  and  the  screw-thread  may  be  stripped.  By  loosening  the 
lower  screw  and  tightening  the  upper  screw,  the  whole  ring  may  be^  (uawn 
upward,  or  by  reversing  the  process  it  may  be  drawn  downward.  likewise 
by  working  the  side  screws  in  a  similar  manner,  it  may  be  drawn  to  one 
side  or  the  other.  All  this  may  be  done  without  turning  the  ring,  Ijb^  one 
hair  may  be  kept  vertical,  the  other  horizontal. 

(6)  The  theory  of  lenses  as  applied  to  a  telescope  may 
be  studied  more  in  detail  by  means  of  Fig.  569  (6).  Let  the 
upper  figure  represent  a  telescope  with  a  non-erecting  eyepiece, 
and  the  lower  figure  one  with  an  erecting  eyepiece.  The  former 
will  be  considered  first.  Let  GG  represent  the  object-glass 
and  AC  any  object  sighted  at.  Usually  the  distance  from  the 
object-glass  to  the  object  is  many  times  the  length  of  the  tele- 
scope, and  hence  the  latter  is  necessarily  shown  to  a  grea^/ 
exaggerated  scale. 
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1.  The  cone  of  rays  from  A  becomes  another  cone  of  rays 
after  passing  through  the  lens,  converging  at  a  (Proposition  II, 
p.  547).  Likewise  rays  from  C  converge  at  c,  and  rays  from 
all  points  of  the  object  converge  at  corresponding  conjugate 
foci  between  a  and  c.  Thus  a  very  small  inverted  image  of  the 
object  is  formed  at  ac  (Art.  568  (6)  ). 

2.  The  distances  d  and  /'  are  approximately  distances  to  con- 
jugate foci,  both  being  greater  than  the  focal  length  cf  the 
objective.  As  d  is  increased  /'  must  decrease  and  lyice  versa, 
i.e.,  the  farther  away  the  object  the  nearer  must  be  the  inverted 
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Fig.  569  (6). 


image  to  the  object-glass.  (From  Equation  1,  p.  547.)  Since, 
however,  it  is  necessary  that  the  image  should  lie  in  the  plane 
of  the  cross-hairs  WW  (in  order  to  eliminate  parallax  see  p  555) 
the  distance  /'  is  changed  for  objects  at  different  distances  by 
moving  the  object-glass  in  (nearer  to  WW)  for  distant  objects, 
and  out  (away  from  WW)  for  near  objects.  This  explains  the 
rule  for  focusing  on  page  86.  The  focus  changes  rapidly  for 
objects  from  10  to  30  ft.  from  the  telescope,  but  very  slowly 
after  a  distance  of  100  ft.  is  reached,  the  focus  for  100  ft.  being 
nearly  the  same  as  for  greater  distances. 

The  inverted  image  ac  is  between  the  eyepiece  and  its  prin- 
cipal focus,  hence,  from  Proposition  III,  p.  548,  the  image  will 
appear  to  be  larger  than  it  is,  as  if  the  rays  of  light  came  from 
virtual  foci  behind  ac  in  some  such  position  as  a'c\ 

In  the  erecting  eyepiece  extra  lenses  are  inserted  which  rein- 
vert  or  erect  the  image  at  the  cross-hairs  before  it  is  magnified. 
Thus  rays  from  X  converge  at  x  in  the  plane  of  the  cross-hairs, 
*^e  lenses  of  the  eyepiece  form  another  image  reinverted  at  x', 

finally  this  ima^  as  seen  by  the  eye  is  magnified  by  the 

it  e. 
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Remark,  The  chief  objection  to  a  non-ereetlng  eyepieciB  is  the  incon- 
venience  caused  to  the  observer  from  seemg  objects  inverted.  Thus,  for 
example,  a  flagman  appears  to  stand  on  his  head,  to  move  to  the  right 
when  he  really  moves  to  the  left,  and  vice  versa.  In  the  erecting  eyepiece, 
however,  the  use  of  two  additional  lenses  causes  a  loss  of  light  which  is  a 
far  more  serious  objection  than  the  slight  inconvenience  resulting  from 
inversion.  Moreover,  for  a  given  length  of  telescope  greater  magnifying 
power  can  be  secured  without  sacrificing  illumination  by  \ising  a  non- 
erecting  eyepiece.  (Why?)  'Hiere  is  but  Uttle  reason  for  the  use  of  the 
erecting  eyepiece,  although  it  is  more^  common  than  the  simpler  form;  it 
should  never  be  used  on  instruments  intended  for  work  of  great  precision. 

Note.  Two  special  forms  of  telescope  sometimes  used  for  stadia  work 
may  be  mentioned.  The  Porro  telescope,  named  after  its  inventor,  has  an 
arrangement  of  lenses  which  makes  it  possible  to  read  stadia  distances 
directly  without  adding  the  constant  c+f.  .  In  another  form  of  telescope 
a  flat  glass  prism  at  the  object-^ass  makes  it  possible  to  measure  stacua 
distances  without  stadia  wires.     Neither  form  is  in  general  use. 

(c)  Line  of  collimation  and  line  of  sight.  The  line  of 
coUimation  of  a  telescope  is  usually  defined  as  the  line  from  the 
optical  center  of  the  objective  to  the  intersection  of  the  cross- 
hairs. Some  writers  maintain  that  this  definition  is  correct 
only  when  the  cross-hairs  are  in  perfect  adjustment.  Since  the 
engineer  is  accustomed  to  the  less  ambiguous  term  *'line  of 
sight "  (a  hne  determined  by  the  intersection  of  the  cross- 
hairs whether  they  are  in  adjustment  or  not),  the  use  of  the 
term  "line  of  collimation"  will  be  avoided  in  this  book. 

{(1)  Defects  of  telescopes.  Spherical  and  chromatic 
aberrations,  defined  in  Art.  568  (c),  p.  549)  are  inherent  defects 
which  the  manufacturer  should  aim  to  correct  by  a  proper 
combination  of  lenses.  A  third  defect  is  due  to  the  fact  that 
the  image  of  a  flat  object  formed  by  a  lens  does  not  lie  in  a  plane« 
but  is  concave  toward  the  lens.  This  aberration  of  sphericity, 
as  it  is  termed,  is  entirely  different  from  spherical  aberration. 
In  the  case  of  the  object-glass  it  is  inappreciable,  but  in  the 
eyepiece  it  is  more  serious.  It  is  not  a  source  of  error  in  meas- 
uring angles  and  in  leveling,  since  only  one  point  is  observed 
at  a  time,  but  in  stadia  work  it  may  become  objectionable.  The 
two  plano-convex  lenses  used  in  the  eyepiece  to  correct  chromatic 
and  spherical  aberration  correct  also  aberration  of  sphericity. 

(e)  Qualities  of  telescopes  that  depend  upon  design  and 
construction  are  as  follows:  1.  Definition;  2.  Illumination; 
3.  Size  of  field;   4.  Magnification. 

1.  Definition.  If  definition  is  poor  the  image  will  not  be 
clear  and  distinct.  Lack  of  definition  is  due  to  inaccuracy  in 
grinding  and  polishing  the  lenses  or  to  inaccuracy  in  centering, 
i.e.,  failure  to  place  the  component  lenses  of  either  the  object- 
glass  or  the  eyepiece  so  that  their  axes  coincide. 
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2.  lUufniHdtiofi.  If  illUminatidn  is  poor  the  inlage  will  appear 
ffunt,  Ihough  it  may  be  sharp  and  definite.  Lack  of  illunnnatioD 
simply  mean3  lack  of  light.  The  amount  of  light  which  reached 
the  eye  through  the  telescope  depends,  first  of  all,  upoti  the 
size  of  the  aperture  of  the  object-glass,  which,  on  account  of  the 
diaphragm  often  placed  in  the  tube,  is  somewhat  smaller  than 
the  object-g^aas  itself.  The  amount  of  li^t  collected  by  an 
objective  of  a  given  diameter  may  be  compared  with  that  col- 
lected by  an  objective  of  different  diameter  by  picturing  two 
squares  whose  sides  are  equal  respectively  to  the  two  diam- 
eters, i.e.,  the  amount  of  light  is  proportional  to  the  square  of 
the  diameter.  Of  the  light  which  strikes  the  lens,  however, 
less  than  85%  enters  the  telescope,  the  loss  being  due  to  reflee- 
tion  and  imperfect  transparency.  The  light  which  passes  through 
the  telescope  is  distributed  over  a  larger  or  smaller  M-ea  by  the 
eyepiece,  according  to  the  magnifying  power;  the  greater  the 
magnification  the  more  the  illumination  is  diminished,  tiie  bri^t- 
ness  of  the  image  varying  inversely  as  the  square  of  the  mag- 
nifying power.  Finally,  for  the  best  possible  efifect,  the  beam 
of  light  which  emerges  from  the  eyepiece  should  be  of  exactly 
the  same  diameter  as  the  pupil  of  the  eye. 

3.  Size  of  field.  The  field  of  view  is  the  whole  circular  area 
seen  by  an  observer  when  looking  through  the  telescope,  and 
the  angle  at  the  optical  center  of  the  object-glass  subtended 
by  the  diameter  of  this  circle  measures  the  size  of  this  field. 
The  size  of  field,  however,  is  not  dependent  upon  the  size  of  the 
object-glass.  It  increases  as  the  distance  between  the  object- 
glass  and  the  eyepiece  decreases,  it  increases  as  the  size  of  the 
eyepiece  increases,  it  increases  as  the  magnification  decreases. 
A  wide  field  of  view  is  desirable  as  it  enables  the  observer  to 
work  more  rapidly.  The  use  of  two  plano-convex  lenses  in 
the  eyepiece,  in  place  of  a  single  lens  increases  the  field  of  view. 

4.  Magnification  depends  upon  the  ratio  of  the  focal  length 
of  the  object-glass  to  the  focal  length  of  the  eyepiece.  For 
example,  if  the  focal  length  of  the  objective  is  9  inches  and 
that  of  the  eyepiece  0.3  inch,  then  the  magnifying  power  is  30. 
The  magnifying  power  should  be  proportional  to  the  aperture, 
i.e.,  to  the  amount  of  light  which  enters  the  telescope.  If  the 
magnifying  power  is  too  high  for  the  aperture,  ordinary  objects 
will  appear  too  faint,  especially  imder  unfavorable  atmospheric 
conditions;  and  ii  the  magnifying  power  is  too  low  the  objects 
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will  appear  too  small  for  accurate  sighting.  The  magnifying 
power  should  be  such  that  the  least  movement  of  the  level? 
bubble  or  change  in  the  vernier  causes  an  easily  peroeptihlci 
movement  of  the  cross-hairs  over  the  object  in  the  field  of 
view.  Except  perhaps  in  stadia  work,  a  higher  power  than 
this  is  a  disadvantage  since  there  is  a  needless  loss  in  the  bright^ 
ness  of  the  image,  while  a  lower  power  does  not  develop  the 
full  capacity  of  the  instrument.  The  loss  of  light  in  high-power 
instruments  is  often  niistakcn  for  cloudiness  due  to  poor 
lenses. 

For  rapid  working  the  exact  focusing  required  for  a  high-? 
power  telescope  is  a  drawback,  a  change  in  focus  being  required 
for  a  small  change  in  (Jistanee.  For  example,  in  a  low-power 
telescope  the  focus  for  distances  between  30Q  and  4QQ  ft.  is 
practically  the  same,  but  in  high-power  telescopes,  the  change  ol 
a  few  feet  requires  a  change  in  focus,  and  if  the  telescope  is  not 
properly  focused  the  image  is  apt  to  be  less  distinct  than  in  low- 
power  telescopes.  Low  power  js  better  also  for  focusing  upon 
objects  very  near  the  instrimient. 

Non-erecting  eyepieces  ^re  not  more  powerful  than  th« 
erecting  eyepieces,  but,  being  shorter,  they  allow  for  a  give© 
length  of  telescope  a  greater  focal  length  of  object-glass,  and 
thus  increase  the  power.  They,  however,  transmit  much  morp 
light  to  the  eye  and  have  a  much  larger  field. 

For  transits  the  average  magnifying  power  is  about  24  diam- 
eters, while  for  levels  it  is  from  30  to  36,  running  up  to  50  in 
some  instruments. 

Remark.  An  erecting  eyepiece  is  now  made  which  can  be  inanipul^ted 
so  as  to  change  the  power  of  the  telescope  at  will.  By  this  dievice  a  nigh 
power  can  be  used  in  favorable  weather,  {^nd  when  the  weather  is  un favors- 
able  this  high  power  can  be  converted  to  a  low  one  with  a  consequent 
increase  in  Ulumixiatipn  and  field. 

(/)  Parallax.  If  the  image  formed  by  the  object-glass  is 
not  in  the  same  plane  with  the  cross-hairs,  any  movement  of 
the  eye  is  likely  to  cause  an  apparent  movement  of  the  image 
with  respect  to  the  cross-hairs.  This  is  called  parallax.  Th^ 
effect  is  similar  to  that  produced  in  looking  through  a  windpi^f, 
where  any  movement  of  the  eye  causes  an  apparent  move- 
ment of  objects  outside.  Parallax  may  render  accurate  work 
impossible.  To  remedy  it  the  image  and  the  cross-hairs  must 
be  brought  into  the  same  pl^ne,    Two  s^^^  ^x^  \v^^^"ass^^^ 
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(1)  Point  the  telescope  toward  the  sky  and  move  the  eye- 
piece in  or  out  until  the  cross-hairs  are  as  well  defined  as 
possible,  i.e.,  in  perfect  focus.  If  only  one  person  uses  the 
instrument  this  focusing  may  be  done  once  for  all  (unless  the 
slide  has  to  be  moved  when  the  instnunent  is  put  in  its  box), 
since  the  proper  focus  depends  simply  upon  the  eye  of  the 
observer. 

(2)  Direct  the  telescope  to  the  object  and  focus  the  object- 
^ass  as  usual,  keeping  the  eye  on  the  cross-hairs  until  the 
image  appears  in  sharp  focus.  Test  by  moving  the  eye  from 
side  to  side,  and  if  necessary  move  the  object-glass  slightly 
until  parallax  disappears. 

The  more  accurate  the  work  the  more  care  should  be  used 
to  eliminate  parallax,  while  the  higher  the  power  of  the  tele- 
scope the  more  difficult  it  is  to  do  this. 

(g)  Tests  for  telescopes.  A  few  of  the  most  important 
tests  for  telescopes  are  given  below.* 

Flatness  of  field.  Draw  a  heavy-lined  square,  6  or  8  inches 
on  a  side,  on  white  paper  fastened  to  a  board.  Hold  the  board 
at  such  a  distance  that  the  square  nearly  fills  the  field  of 
the  telescope.  Focus  the  telescope  on  it,  then  the  sides  of  the 
square  should  appear  perfectly  straight.  Any  curvature  ex- 
cept at  the  extreme  limits  of  the  field  is  especially  objectionable 
in  stadia  work. 

Definition,  Focus  on  small  clear  print  40  or  50  ft.  away. 
If  the  definition  of  the  telescope  is  good  the  print  will  be  clearly 
defined  and  legible. 

Size  of  fi£ld.  Set  two  transit  poles  200  or  300  ft.  from  the 
instrument  at  such  a  distance  apart  that  one  is  in  one  edge 
of  the  field  and  the  other  in  the  opposite  edge.  Multiply  this 
distance  by  57.3  and  divide  by  the  distance  to  the  poles  200  or 
300  ft.,  as  the  case  may  be.  The  result  is  the  angular  width 
of  field  in  degrees. 

Size  of  aperture.  Focus  the  telescope  on  any  distant  object; 
then  withdraw  the  eye  to  a  distance  of  8  or  10  inches  or  imtil 
the  small  disc  of  light  which  appears  in  the  center  of  the  eye- 
piece is  distinctly  seen.  Hold  a  pencil-point  at  the  extreme 
edge  of  the  object-glass.     If  it  shows  itself  as  a  dark  spot  in 


*  For  more  complete  directions  for  testing  telescopes  consult  Profeasor 
Baker's  Engineers'  Surveying  Instruments,  p.  80. 
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the  edge  of  the  disc  of  light,  the  aperture  is  equal  to  the  diame- 
ter of  the  .glass;  if  not,  move  it  toward  the  center  until  the 
dark  spot  appears,  measure  the  distance  from  the  edge  of  the 
glass  to  the  pencil-point,  and  subtract  twice  this  distance  from 
the  diameter  of  the  glass.  The  result  is  the  diameter  of  the 
aperture.  It  is  better  to  use  a  small  piece  of  moistened  paper 
in  place  of  the  pencil-point,  sticking  it  on  the  glass  and  moving 
it  into  place  with  the  finger-tip. 

Magnifying  power.  Divide  the  diameter  of  the  clear  aper- 
ture by  the  diameter  of  its  image  (the  disc  of  light)  formed  by 
the  eyepiece.  Thus  if  the  image  is  -^(^  inch  in  diameter  and  the 
aperture  is  1.5  inch,  the  magnifying  power  is  15. 

Another  method:  Focus  on  a  coarsely  graduated  rod  held 
from  125  to  150  ft.-  from  the  instrument.  Look  through  the 
telescope  with  one  eye  and  along  the  outside  of  the  telescope 
with  the  other  eye.  One  space  viewed  through  the  telescope 
will  appear  to  cover  a  certain  number  of  spaces  seen  with  the 
naked  eye.    This  number  is  approximately  the  magnifying  power. 

(h)   TEXaSCOPES,    SUMMARY. 

1.  The  objective  forms  an  inverted  image  at  the  cross-hairs, 
the  eyepiece  magnifies  this  image  and  the  cross-hairs. 

2.  The  objective  must  be  brought  nearer  to  the  cross-hairs, 
as  an  object  sighted  at  is  farther  away  and  vice  versa, 

3.  The  object-glass  is  an  achromatic  lens  composed  of  a  double- 
convex  crown-glass  and  a  concavo-convex  flint  glass. 

4.  The  erecting  eyepiece  is  composed  of  four  lenses;  the  non- 
erecting  of  two.  The  latter  therefore  permits  more  light  to 
reach  the  eye.  It  is  also  shorter  and  therefore  affords  space 
for  the  use  of  an  objective  of  longer  focus  in  a  telescope  of  a 
^ven  length,  thus  increasing  the  power. 

5.  Magnifying  power  is  equal  to  the  focal  length  of  the  objec- 
tive divided  by  the  focal  length  of  the  eyepiece. 

6.  The  advantage  of  high  power  lies  in  the  apparent  increase 
in  the  size  of  the  object  sighted  at.  The  disadvantages  are: 
loss  in  illumination,  decrease  in  the  size  of  the  field,  increased 
difficulty  in  focusing.  The  brightness  of  an  image  varies  in- 
versely as  the  square  of  the  magnifying  power. 

7.  The  image  formed  by  the  objective  should  lie  in  the  plane 
of  the  cross-hairs  to  avoid  parallax. 

8.  The  size  of  the  aperture  is  not  always  equal  to  the  diam- 
eter of  the  objective.    The  amount  of  b'ght  collected  by  an  ob- 
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jedive  is  pi^o{)ortionai  to  the  square  of  the  didimetet  of  the 
dear  aperture. 

0.  Flatness  of  field  is  most  important  in  stadia  work. 

10.  Chromatic  aberration,  spherical  aberration,  and  aberration 
of  sphericity  are  defects  which  are  inherent  in  a  single  l^^tis^  but 
which  can  be  corrected  by  compound  lenses 
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SURVEYING  INSTRUMENTS 

As  no  i>er8on  is  likely  to  study  &  surveying  instrument  unless  he  has 
one  to  use,  no  attempt  is  made  in  this  chapter  to  explain  parts  of  an  instru- 
ment which  are  readily  understood  from  inspection.  The  chief  aim  is  to 
set  forth  important  requirements  which  good  instruments  should  fulfil, 
and  to  give  methods  of  testing  and  comparing  instruments.  Incidentally 
important  features  of  different  instruments  are  pointed  out,  and  wherever 
necessary  the  workixigs  of  concealed  parts  are  explained. 


570.  Chains  and  Tapes,  (a)  Chains.  Each  link  of  a 
surveyor's  chain  is  made  of  iron  or  steel  wire,  and  includes  a  long 
piece  and  a  separate  ring  at  each  end.  There  are  two  kinds 
of  chains :  Gunter*s  chains  and  the  engineer's  chain.  The  former 
IS  66  ft.  long,  while  the  latter  is  100  ft.  Each  has  100  links; 
hence  the  length  of  a  link  in  the  Gunter's  chain  is  0.66  ft.,  while 
in  the  engineer's  it  is  1.0  ft.  Some  engineer's  chains  are  only 
50  ft.  long,  but  the  length  of  each  Unk  is  still  1.0  ft.  Gunter's 
chain  was  made  66  ft.  long  so  that  ten  square  chains  should 
equal  one  acre.  This  gives  rise  to  the  special  units  of  measure- 
ment given  at  the  bottom  of  page  3.  While  the  chain  is  still 
uaod  it  is  being  rapidly  replaced  by  the  steel  tape.  (See  iJe- 
mark,  p.  33.) 

(6)  Tapes  are  of  three  kinds:  (1)  Cloth  tapes,  (2)  fnetaUic 
tapes  (linen,  woven  with  fine  brass  wire),  and  (3)  steel  tapes. 
They  vary  in  length  from  a  3-ft.  pocket  tape  to  a  1000-ft.  steel 
tape.  Usual  lengths  are  50  and  100  ft.  Cloth  tapes  are  use- 
less except  for  very  rough  work.  Metallic  tapes  are  somewhat 
better,  but  they  are  affected  by  moisture  and  under  a  strong 
pull  they  will  sometimes  stretch  as  much  as  0.3  ft.  in  100  ft. 
They  stretch  permanently  with  continued  use  and  are  suitable 
only  for  rough  work.  Steel  tapes  vary  in  quality  and  accu- 
racy of  graduaticjn,  but  even  the  poorest  steel  tape  is  far  superior 
to  either  a  cloth  or  a  metallic  tape. 

559 
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(c)  Steel  tapes.  A  steel  tape  is  a  thin  ribbon  of  steel  in 
one  piece,  from  J  to  J  in.  in  width,  from  ^^5  to  ^j  in.  in  thickness. 

Band  {or  Chain)  Steel  Tape,  Comparatively  narrow  and 
thick,  divided  into  feet  (sometimes  Unks)  with  the  foot  at  each 
end  subdivided. 

Ribbon  Tape.  Wider  and  thinner  than  the  band  tape,  divided 
into  feet,  each  foot  subdivided;  differs  from  the  band  tape  in 
being  graduated  throughout.  The  ribbon  steel  tape  is  one  of  the 
most  accurate  devices  known  for  linear  measurements.  It  is 
used  for  city  work,  for  base-line  measurements,  and  for  other 
work  where  great  accuracy  is  required.  Errors  due  to  different 
sources,  such  as  temperature,  pull,  sag,  etc.,  can  be  eliminated  or 
corrected  as  explained  in  Chapter  V. 

Pocket  steel  tapes  in  lengths  from  3  ft.  up,  are  very  useful, 
and  it  is  a  good  plan  to  carry  one  in  the  pocket  not  only  in  the 
field  but  in  the  office  also. 

Special  tapes  may  be  had  fitted  with  a  thermometer  and  a 
spring-balance  or  a  compensating  handle. 

Best  size  for  ordinary  work.  Band  tape  }  to  j  in.  wide,  a 
little  more  than  ^^  in.  thick.  Ribbon  tape  J  to  J  in.  wide.  Wide 
thin  tapes  are  easily  broken. 

Graduation  of  tapes.  Tapes  may  be  graduated  to  suit  the 
purchaser.     Standard  graduations  are  as  follows: 

(1)  Every  foot  marked,  every  fifth  foot  numbered  5-to-lOO, 
the  foot  at  the  zero  end  subdivided  to  tenths  of  a  foot. 

(2)  Same  as  (1)  except  there  are  two  series  of  numbers^  one 
beginning  at  either  end  and  numbered  throughout  in  opposite 
directions,  each  end  foot  subdivided. 

(3)  Same  as  (1)  except  numbered  symmetrically  with  re- 
spect to  middle  of  tape  thus:  0-10-20-30-40-50-4(«0-20-1(M), 
each  end  foot  subdivided. 

(4)  Graduated  from  end  to  end,  each  foot  subdivided,  and 
each  foot  numbered.  This  is  the  best  form  of  graduation. 
(See  Remark,  p.  34.) 

Graduation  marks.  There  are  four  methods  in  common  use 
for  marking  graduations:  (1)  By  small  brass  rivets,  one  every 
foot,  with  some  device  for  indicating  10-ft.  points,  as,  for  ex- 
anxple,  one  rivet  at  10  ft.,  two  at  20  ft.,  three  at  30  ft.,  etc. 
(2)  By  short  brass  sleeves  at  graduation  points,  with  numbers 
stamped  in  the  brass.  (3)  By  lumps  of  solder  at  graduation 
points,  with  numbers  stamped  in  the  solder.    (4)  By  etching 
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che  division  lines  on  the  tape  with  acid.  Rivet  holes  in  (1)  and 
etching  iu  (4)  weaken  the  tape.  Numbers  etched  are  apt  to 
become  indistinct.  Methods  (2)  and  (3)  are  preferable  for 
tough  usage. 

Reels  and  handles.  Tapes  may  be  wound  up  in  leather  or 
metal  boxes  or  on  some  form  of  open  reel.  It  is  better  for  the 
tape  to  use  neither,  but  to  do  it  up  in  the  form  of  a  figure  8 
(see  p.  31).  This  allows  the  tape  to  dry  qmckly,  avoids  sharp 
bends,  and  permits  the  use  of  non-detachable  handles.  Most 
detachable  handles  come  off  too  easily  and  are  apt  to  be  lost. 
Fasten  such  handles  on  with  string  or  wire.  The  raw-hide  loop 
handle  is  not  apt  to  come  off,  but  is  more  likely  to  catch  in  the 
bushes. 

Note.  After  a  steel  tape  has  been  done  up  in  a  figure  8  it  may  be  twisted 
Into  a  still  more  convenient  form  as  follows:  Tie  the  ends  of  the  tape,  but 
leave  untied  the  middle  of  the  8  whe.-e  the  sides  cross,  thus  allowmg  the 
tape  to  hang  in  one  loop.  Grasp  opposite  sides  of  the  loop  where  th^ 
erosB  in  the  8  and  pull  them  apart,  thus  stretching  the  8  croeswise.  If 
properly  done  the  tape  will  turn  into  two  circular  loops  which  may  be 
brought  together  as  one  circle  about  the  size  of  one  loop  of  the  8.  To 
undo  the  tape  reverse  the  process,  allowing  the  tapte  to  spring  back  into  a 
figure  8.  Several  trials  majr  be  necessary  before  the  trick"  is  learned, 
but  the  form  is  such  a  convenient  one  for  carrying  tapes  that  every  chain- 
man  should  learn  to  use  it. 

(d)  Standardizing  tapes.  A  steel  tape  can  be  sent  to  the 
National  Bureau  of  Standards  at  Washington,  where  it  will  be 
tested  for  a  small  fee.  The  certificate  of  comparison  furnished 
will  state,  among  other  data,  the  temperature  at  which  com- 
parison was  made,  the  tension  at  which  the  tape  was  compared, 
and  the  length  corrected  for  a  standard  temperature  of  62°  F. 
Having  thus  obtained  the  data  concerning  one  tape  this  tape 
may  be  kept  unused  as  a  standard  by  which  to  test  other  tapes, 
or  a  permanent  standard  may  be  established  as  explained  below. 

Permanent  standard.  Any  device  used  for  testing  the  gradu- 
ation of  a  steel  tape  should  fulfil  the  following  conditions: 

(1)  The  exact  distance  between  permanent  marks  should  be 
known  at  the  time  the  tape  is  tested. 

(2)  The  tape  should  be  supported  throughout  its  length;  if 
supported  at  intervals  the  tops  of  the  supports  should  be  level. 

(3)  Marks  on  the  standard  should  be  very  fine,  but  clear  and 
permanent. 

(4)  Some  provision  should  he>  made  for  keeping  the  tape 
steady  at  a  known  pull;  also  some  provision  for  measuring  the 
temperature  of  the  tape. 
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(5)  There  should  be  some  device  for  observing  and  m^aauring 
the  discrepancies  in  length  between  the  st^indard  find  the  tape 
tested. 

For  ordinary  surveying  a  standard  for  a  100-ft.  tape  may  be 
established  as  follows:  On  a  level  floor  nail  pieces  of  zinc  about 
2  inches  square  and  25  ft.  apart  centers  (or  closer  if  desired)  for 
100  ft.  Near  each  end  place  a  small  turn-buckle,  one  end  fas- 
tened to  the  floor,  the  other  end  attached  in  one  case  to  the 
tape  and  in  the  other  case  to  a  spring-balance  which  connects 
the  tape  and  turn-buckle.  Select  a  day  when  the  temperature 
near  the  fioor  is  62°  (or  whatever  may  be  the  standard  for  the 
tape),  stretch  the  tape  by  means  of  the  turn-buckle  until  the 
spring-balance  reachcvS  12  lbs.  (or  whatever  may  be  the  standafd 
pull),  and  make  a  fine  deep  scratch  on  each  piece  of  zinc  at  the 
zero-point,  the  100-ft.  point,  and  at  intermediate  points.  The 
scratches  may  be  made  with  a  straight  edge  and  fine-pointed 
awl,  the  work  being  done  under  a  magnifying  glass.  When  a 
floor  space  100  ft.  long  cannot  be  had,  the  standard  may  be 
laid  off  on  a  sidewalk,  water-table  of  a  building,  curbing  or  other 
convenient  place  if  proper  provisions  can  be  made  for  marks. 
Sometimes  stone  posts  with  copper  plugs  or  plates  in  their  tops 
and  set  so  that  they  cannot  be  disturbed  are  used  as  standards.* 

In  extensive  work  where  great  accuracy  is  required  a  more 
elaborate  standard  is  sometimes  necessary.  That  used  for  the 
Boston  Water- works  consisted  of  a  steel  strip  a  little  over  100  ft. 
long,  laid  in  a  wooden  trough  with  a  cover  to  protect  it. 
Graduations  were  on  silver  plugs  inserted  in  the  strip.  A  tape 
laid  on  the  strip  for  testing  would  expand  or  contract  for 
changes  of  temperature  the  same  amount  as  the  strip  itself. t 

Testing  the  tape.  Stretch  the  tape  with  the  turn-buckles  and 
the  spring-balance.  Bring  the  zero  of  the  tape  exactly  oppo- 
site the  zero  of  the  standard  as  observed  through  a  magnifying 
glass,  keeping  the  pull  correct.  Read  the  amount  the  tape 
is  long  or  short,  using  a  magnifying  glass  and  a  steel  or  boxwood 
scale  divided  to  50ths  or  lOOths  of  an  inch.  Note  the  tem- 
perature of  the  tape.  The  difference  between  the  length  of 
the  tape  and  the  standard  should.be  corrected  for  the  differ- 


♦  See  Engineering  News,  May  6.  1897,  p.  284,  for  a  description  of  an 
elaborate  apparatus  for  standardizing  tapes  at  Salt  Lake  City. 

t  See  a  paper  on  "  The  100-foot  Standard  of  Length  of  the  Boston  Wa^r* 
workt  4f  Ci^eetnut  JFJiJJ,"  by  Charles  W.  SYienoaTi* 
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ence  between  the  observed  temperature  and  the  standard  tem< 
perature;  the  result  is  the  error  of  the  tape  in  inches  and  should 
be  reduced  to  a  decimal  of  a  loot.  Intermediate  points  should 
also  be  tested,  since  some  of  them  may  be  incorrect  even  though 
there  is  no  error  in  the  total  length  of  the  tape.  A  tag  attached 
to  the  handle  should  give  the  result  of  the  test  in  some  such 
manner  as  this:  '^  Tested  by  John  Smith,  Fred  Jones,  and 
Ralph  Brown,  Sept.  14,  1907,  Total  length  of  tape  0.005  ft. 
short,     Intermediate  marks  at  25-ft.  points  correct." 

571.  The  Transit*  Although  there  are  upward  of  four 
hundred  parts  in  an  ordinary  transit,  it  may  be  divided  for 
purposes  of  explanation  into  the  three  parts  shown  in  the 
photograph  on  page  565  viz.  (1)  the  upper  platCf  (2)  the  lower 
plate  (or  middle  part),  and  (3)  the  leveling-head.  The  sup- 
porting axis  of  the  telescope  rests  at  either  end  upon  a  standard, 
and  these  standards  are  rigidly  attached  to  the  upper  plate,  so 
that  when  (he  telescope  is  turned  Mewise  or  horizontally  the  upper 
plate  must  turn  with  it.  The  whole  may  therefore  be  considered 
as  one  part.  The  inner  spindle  A  fits  into  a  socket  in  the 
outer  spindle  B,  and  the  latter  fits  into  the  socket  C  in  the  level-* 
ing-head.  The  object  of  these  two  spindles  is  to  allow  either 
the  upper  or  the  lower  plate  to  be  revolved  without  turning  the 
other.  AVhen  the  transit  is  set  up  properly  the  leveling-head 
is  stationary  and  the  two  plates  are  level.  If  the  upper  plate 
is  clamped  to  the  lower  plate,  both  may  be  revolved  together 
on  the  spindle  B,  If  now  the  lower  plate  is  fastened  to  the 
leveling-head,  neither  plate  can  revolve  nor  can  the  telescope 
be  turned  sidewise.  If,  however,  the  upper  plate  is  undamped 
from  the  lower,  it  can  be  turned  (telescope  and  all)  on  the 
spindle  A,  although  the  lower  plate  will  remain  stationary  since 
it  is  still  fastened  to  the  leveling-head.  The  japper  plate  is 
sometimes  called  the  vernier  plate  because  it  has  attached  to 
it  a  vernier,  the  zero  of  which  may  be  called  an  indicator.  The 
entire  upper  part  including  the  telescope  is  sometimes  called 
the  alidade.  The  lower  plate  or  linib  has  on  its  outer  edge  the 
graduated  circle.  There  are  three  steps  in  measuring  a  hori- 
zontal angle:  (1)  Set  the  indicator  of  the  vernier  opposite  the 
zero  on  the  limb  and  clamp  the  upper  and  lower  plates  together. 
(2)  Turn  the  telescope  toward  the  backsight,  both  plates  revolv^ 
ing  on  the  spindle  B,  and  when  the  line  of  sight  is  on  the  back- 
Bight  clamp  the  lower  plate  to  the  leveVm^-^V^Afc,   ^^^  x^^v^'ss^ 
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plate  can  turn  and  the  indicator  is  still  opposite  the  zero. 
(3)  Unclamp  the  upper  plate,  turn  the  telescope  toward  the 
foresight,  the  upper  plate  revolving  on  the  spindle  A,  but  the 
lower  plate  remaining  stationary;  the  value  of  the  arc  which 
the  indicator  passes  over  as  the  telescope  is  turned  from  the 
backsight  to  the  foresight  can  be  read  by  observing  the  point 
on  the  limb  at  which  the  indicator  stops  when  the  line  of  a^t 
is  on  the  foresight.  (See  p.  67.)  For  the  methods  of  reading 
angles  see  Chapter  VIII,  and  for  directions  for  setting  up  and 
manipulating  the  transit  see  Chapter  IX. 

(a)  Note.  Although  the  transits  manufactured  by  different  instniment- 
makers  vary  somewhat  in  design  from  that  shown  in  the  photograph  prac- 
tically all  transits  work  on  the  general  principle  of  a  doiU>Ie  epindle,  in  order 
to  give  the  lower  plate  an  independent  motion.  An  exertion  may  be 
noted  in  the  case  of  the  "cyclotomic  transit,"  made  by  a  San  Frandaco 
firm,  in  which  the  lower  plate  is  stationary.  Around  the  periphery  of  this 
plate,  however,  is  a  *  noating"  graduated  ring  which  Is  not  fixed  but 
possesses  that  independent  rotation  which  the  lower  plate  has  in  the  case 
of  the  double  spindle.  Instead  of  turning  the  whole  plate  around  its  ver> 
tical  axis,  a  narrow  metal  band  is  turned  around  the  stationary  plate,  thus 
accomplishing  the  bame  puipose.     See  Engineering  News,  March  19, 1^6. 

(b)  Set-screws  and  tangent-screws.  The  upper  plate  is 
clamped  to  the  lower  plate  by  means  of  the  set-screw  D.  This 
screw  is  not  attached  to  the  lower  plate,  although  it  appears 
to  be  in  the  photograph,  but  it  works  through  an  arm  E  which 
ends  in  a  collar  around  the  outside  of  the  spindle  B.  When 
the  screw  D  is  set  this  collar  is  clamped  to  B,  but  when  the 
screw  is  loose  the  arm  is  free  to  turn  about  B,  When  the  upper 
and  lower  plates  are  put  together  the  arm  E  fits  between  the 
tangent-screw  and  the  cartridge-spring  at  the  point  G,  Hence 
when  the  screw  D  is  loose  the  upper  plate  can  revolve,  taking  D 
with  it,  but  when  D  is  set  the  upper  plate  is  virtually  clamped 
to  the  lower.  By  turning  the  tangent-screw  F,  however,  the 
upper  plate  can  be  made  to  revolve  slowly,  provided  D  remains 
fixed;  if  D  is  loose,  turning  G  will  have  no  effect.  For  example, 
the  zero  of  the  vernier  may  be  set  approximately  opposite  the 
zero  of  the  limb,  the  screw  D  may  then  be  tightened,  and  the 
upper  plate  turned  slowly  by  the  screw  F  until  the  vernier  zero 
is  exaxitly  opposite  the  other  zero.  In  like  manner  when  a  h'ne 
of  sight  is  approximately  on  a  foresight  it  may  be  brought  ex- 
actly on,  without  disturbing  the  lower  plate,  by  tightening  D 
and  turning  F, 

The  lower  plate  is  clamped  to  the  leveling-head  by  means 
of  the  set-screw  H,    Wlien  this  is  tightened  it  pushes  in  a  little 
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key  (the  little  black  piece  at  the  inside  end  of  the  arm  K)  which 
binds  the  spindle  B,  so  that  the  lower  plate  cannot  turn.  The 
collar  C,  however,  is  not  fastened  to  the  leveling-head,  but  sim- 
ply rests  upon  it  so  that  by  turning  the  lower  tangent-screw  N 
the  arm  K  can  be  moved  slowly,  the  lower  plate  turning  with 
it,  provided  the  screw  H  is  tight;  if  H  is  loose,  turning  .Y  ^viU 
move  the  arm  K  and  the  collar  C,  but  not  the  spindle  B  (or  the 
lower  plate).  The  screw  H  is  used  mostly  in  backsight ing,  when 
the  upper  and  lower  plates  are  clamped  together  at  zero;  when 
the  line  of  sight  is  approximately  on  the  backsight  the  screw  H 
may  be  set,  and  the  lower  plate  turned  slowly  by  the  screw  N 
(taking  the  upper  plate  with  it)  until  the  line  of  sight  is  exactly 
on  the  backsight,  with  both  plates  still  clamped  together  at  zero. 

Notice  that  neither  of  the  tangent-screws  F  uor  H  is  of  any    j 
use  until   the  corresponding  set-screw  is  tightened.     For  the 

proper  use  of  these  screws  in  measuring  angles  see  page  91. 

I 

Note.     In  many  transits  the  collar  C  is  formed  by  a  bent  piece,  the  two     \ 
ends  of  which  are  prolonged  to  form  the  arm  K.     These  two  ends  are  held 
together  by  a  clamp-screw  which   replaces   the  set-screw  H.     When   the     I 
clamp  is  loosened  the  two  ends  spring  apart,  thus  releasing  the  grip  of  the     . 
collar  on  the  spindle  B. 

To  control  the  movement  of  the  telescope  in  a  vertical  plane 
the  set-screw  O  works  upon  the  supporting  axis  of  the  telescope. 
When  this  screw  is  tight  the  telescope  cannot  be  moved  up  or  . 
down  except  by  means  of  the  tangent-screw  P.  The  set-screw 
and  corresponding  tangent-screw  shown  at  the  other  end  of  the 
supporting  axis  are  for  the  purpose  of  adjusting  the  vertical  arc 
and  are  omitted  on  many  transits.     (See  Caution,  p.  98.) 

Remark.  If  a  transit  is  in  perfect  adjustment  and  properly  set  up  it  is 
impossible  to  measure  with  it  any  except  vertical  and  horizontal  angles, 
for  when  the  telescope  is  turned  up  or  down  it  moves  in  a  vertical  plane, 
and  when  it  is  turned  sidewise  it  revolves  on  a  vertical  spindle  A,  tlie  indi- 
cator passing  over  a  horizontal  graduated  arc  (lower  plate). 

(c)  Special  attachments  for  special  uses  of  the  transit  are 
as  follows: 

1.  Solar  attachment  for  observations  on  the  sun  for  meridian, 
longitude,  etc. 

2.  Gradienter  for  running  grades,  etc.     (See  p.  245.) 

3.  An  auxiliary  telescope  attached  to  the  end  of  the  support- 
ing axis  of  the  regular  telescope  for  use  in  mining. 

4.  DiagoTMl  or  prismatic  eyepiece  for  sighting  at  very  high 
'nts. 
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5.  A  reflector  for  illuminating  the  cross-hairs  when  working 
in  the  dark. 

6.  A  compass-needle  ami  -box  generally,  but  not  always  fur- 
nished on  transits. 

7.  Stadia  wires  should  be  placed  in  every  transit  intended  for 
general  work.  They  are  often  omitted,  however,  unless  specially 
ordered. 

(<f)  Requirements  for  transits.  The  most  important  re- 
quirements to  be  met  in  an  ordinary  transit  are  as  follows: 

1.  The  axis  of  the  spindle  B  should  be  exactly  perpendicular 
to  the  plane  of  the  graduated  circle. 

2.  The  axes  of  the  two  spindles  A  and  B  should  coincide, 
the  conical  surfaces  should  be  parallel  and  in  close  contact. 
The  instrument  should  turn  on  either  spindle  without  play 
and  without  friction. 

3.  The  graduations  on  the  limb  should  be  accurate,  the  lines 
should  be  fine,  and  for  a  transit  reading  to  30"  or  less  the  gradu- 
ations should  be  on  solid  silver.  The  center  of  the  graduated 
circle  on  the  Umb  should  be  in  the  axis  of  rotation.  (For  differ- 
ent graduations  of  the  limb  see  Chapter  VIII,  pp.  67-75.) 

4.  As  it  is  impossible  to  fulfil  perfectly  all  of  the  above  require- 
ments, there  should  be  two  verniers  180®  apart  for  the  purpose 
of  eliminating  errors  of  eccentricity  in  accurate  work.  (See 
pp.  101,  195.) 

5.  Theoretically,  in  order  to  avoid  parallax  the  vernier  plate 
should  be  in  the  plane  of  the  graduated  arc,  and  the  space 
between  the  two  should  be  imperceptible.  As  the  latter  con- 
dition is  impracticable,  some  makers  place  the  inner  plate 
slightly  below  the  plane  of  the  outer,  so  that  the  diagonal  lln? 
of  sight,  when  it  reaches  the  inner  piece,  will  strike  beyond  the 
space  between  the  two  plates  and  give  a  continuity  of  lines. 
If  this  is  done  some  provision  should  be  made  for  bringing  the 
eye  into  the  vertical  plane  passing  through  the  agreeing  division 
of  the  vernier  and  the  limb.  (For  different  forms  of  verniers 
see  pp.  78-82.) 

6.  The  relation  between  the  magnifying  power  of  the  tele- 
scope and  the  least  count  of  the  vernier  should  be  such  that 
the  least  perceptible  movement  of  the  vernier  will  cause  a  per- 
ceptible movement  of  the  cross-hairs  on  a  distant  object  and 
vice  versa.  (See  p.  555.)  Still  greater  power  Is  desirable  for 
stadia  work.    A  similar  relation  should  exist  between  tiie  mag- 
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nifyii^  power  of  the  telescope  and  the  sensitivenesii  of  the  level 
under  the  telescope  and  of  the  plate-levels.  (See  p.  546.)  For 
adtHtional  requitettients  for  telescopes  see  pp.  553  to  558. 

8.  Clamps  and  set-screws  should  hold  without  forcing^  and 
there  should  be  no  ''back  lash"  or  lost  motion  in  the  tangent- 
3Crews. 

9.  The  tripod  should  be  as  h'ght  as  is  consistent  with  rigidity, 
and  for  CKmvenienee  in  setting  up  there  should  be  a  ''shifting- 
head." 

10.  There  are  five  additional  requirements  which  are  oiet  by- 
adjustments,  viz.,  (1)  The  plane  of  the  plate-levels  should  be 
perpendicular  to  the  \'ertical  axis  of  the  sjnndles.  (2)  The  line 
of  coUimation  of  the  telescope  should  be  perpendicular  to  the 
supporting  a^ds.  (3)  The  supporting  axis  should  be  parallel 
to  the  plane  of  the  plate-levels.  (4)  The  axis  of  the  bubble 
under  the  telescope  should  be  parallel  to  the  line  of  collimation. 
(5)  The  vertical  arc  should  read  eero  when  the  line  of  collima- 
tion is  horieontal.     For  these  adjustments  see  pp.  584  to  591. 

(c)  Tests  for  the  transft.  Graduation.  Graduating  en- 
gines have  been  perfected  to  such  an  extent  that  no  errors  in 
graduation  are  likely  to  occur  which  can  be  detected  by  any 
simple  test  that  the  surveyor  can  make.  Errors  frequently 
run  in  periods,  so  that  one  or  two  repetitions,  should  they  fall 
within  these  periods,  give  the  same  though  false  results.  A 
second  dass  of  errors  of  graduation,  called  accidentai  errors, 
follow  no  regular  law.  The  surveyor  for  the  most  part  must 
depend  upon  the  instrument-maker  to  eliminate  as  far  as  pos- 
fiible  both  periodic  smd  accidental  errors  of  graduation. 

The  vital  point  of  any  instrument  is  the  graduation.  Defects  in  other 
parts  may  prove  an  annoyance  or  inconv«mence,  and  ^t  the  instmnimt  work 
correctly.  With  defects  of  graduation,  accuracy,  if  not  in^iossible,  is  a 
mere  matter  of  accident .  Defects  in  ordinary  parts  of  the  instrument  become 
evident  to  the  engineer.  In  the  graduations  they  are  unknown,  and^  fre- 
quently the  only  evidence  of  their  existence  is  the  unsatisfactory  condition 
of  the  finished  work,  leaving  the  engineer  in  doubt  whether  the  unsatisfac- 
tory remits  condemning  his  work  arise  from  his  own  carelessness  or  the 
imperfections  of  his  instrument.  It  is  not  necessary  that  errors  should  be 
found  in  all  parts;  the  mere  fact  that  an  error  may  exist  anywhere  is  suf- 
ficient to  throw  doubt  upon  the  wor^  .—Catalog  of  Young  and  Sons. 

« 

Eccentricity.     The  two  opposite  verniers  should  read  exactly 

alike  in  any  position.     Test  by  reading  both  \'emiers  in  several 

positions  until  the  circle  has  been  turned  through  at  least  90°. 

If  readings  diflPer  by  a  constant  amount  the  verniers  are  not  set 

tljr  180^  apart.     If  they  differ  by  a  variable  amount  and 
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the  graduation  on  the  limb  is  assumed  to  be  correcti  then  the 
center  of  the  upper  plate  (vernier  plate)  is  not  in  the  center 
of  the  graduated  circle,  i.e»,  the  vertical  axes  of  the  inner  and 
outer  spindles  do  not  coincide.  The  total  difference  in  readings 
between  two  opposite  verniers  is  generally  due  to  a  combina- 
tion of  the  two  causes.  A  similar  test  can  be  applied  to  the 
vertical  circle  if  it  has  two  opposite  verniers* 

Note.    For  tests  of  the  levels  is«e  l[>age  54S,  and  for  the  telescope  see  pai^ 
556. 

572.  TIm  Level  in  its  simplest  form  is  used  merely  to  es^ 
tablieh  a  horizontid  line  of  sight  at  any  point  on  the  eiu-th's 
surface.  All  fc^ms  except  hand-lemls  are  mounted  on  tripods 
similar  to  those  used  for  transits. 

There  are  two  distinct  types  of  tripod  levete,  the  wye-levd. 
and  the  dumpy  level.  Each  of  these  has  but  one  vertical  spindle^ 
and  is  much  less  complex  than  the  transit.  Each  has  a  leveling- 
head  similar  to  that  used  on  the  transit,  and  the  upper  part 
carries  a  telescope  with  a  level-bubbie  tube  attached.  The  most 
essential  qualities  in  ihe  telescope  are  definition  and  magnifying 
power.  (See  p.  553.)  The  length  of  the  telescope  is  not  limited 
as  it  is  in  the  transit,  abd  varies  from  12  to  22  inches  in 
ordinary  levels.  Hence  a  higher  magnifying  power  may  be 
obtained  without  sacrificing  illumination  or  field  of  view  (see 
p.  554);  it  should  not  be  less  than  30  diameters.  Unless  the 
stadia  is  used  flatness  of  field  is  not  so  essential.  An  inverting 
eyepiece  is  better  than  an  erecting  eyepiece.  The  bubble-tube 
can  be  made  longer  than  that  on  the  transit  telescope,  and 
thus  a  greater  radius  of  curvature  secured,  increasing  the  sen^- 
sitiveness  of  the  bubble  to  correspond  to  the  increase  in  mag- 
nifying power.  Sensitiveness  should  not  be  less  than  0.01  ft. = 30", 
and  may  be  increased  tx)  lees  than  10"  in  the  larger  instruments. 
It  is,  of  course,  especially  important  that  the  level-bubble  should 
have  the  other  good  qualities  mentioned  on  page  544.  Another 
requirement  in  a  good  level  is  stability,  and  this  depends  mainly 
upon  the  teveling-heaxl.  Four  levelingnscrews  are  furnished 
on  ordinary  levels,  although  three  give  greater  stability  and 
delicacy.  The  spiiuiie  should  be  long  and  well  fitted  to 
the  socket^  atid  the  whole  uppel-  part  of  the  instrument  should 
be  well  baluiced  when  the  telescope  is  focused  for  the  average 
length  of  sight. 

(a)  The  wye-level,  so  called   because  tfea  \j^«wscs«^  tfe'&xs** 
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in  two  Y-shaped  supports,  has  two  distinguishing  character- 
istics: (1)  The  telescope  may  be  revolved  about  its  own  axis 
as  it  rests  in  the  wyes,  and  (2)  it  may  be  taken  out  of  the  wyes 
and  replaced,  turned  end  for  end.  The  object  of  this  construc- 
tion is  to  facilitate  adjustment  (see  p.  592),  but  unless  the  diam- 
eters of  the  rings  or  collars  are  exactly  the  same,  perfect  adjust- 
ment is  impossible  by  the  indirect  method.  Even  if  the  rings 
are  alike  to  start  with  they  are  subject  to  wear  that  is  seldom 
the  same  on  the  two  rings.  Hence  if  the  level  attached  to  the 
telescope  is  adjusted  in  the  usual  manner  by  reversing  it  end 
for  end  in  the  wyes,  it  may  be  adjusted  parallel  to  the  bottom 
of  the  collars  and  not  parallel  to  the  line  of  sight.  Most  wye- 
levels  are  subject  to  this  uncertainty  of  adjustment  unless  the 
"peg  method"  is  used.  (See  p.  597.)  To  overcome  this  objec- 
tion some  makers  furnish  a  ** reversion"  bubble-tube,  the  glass 
of  which  is  ground  barrel-shape  and  graduated  on  the  bottom 
as  well  as  on  the  top.  The  arithmetical  mean  of  two  readings, 
one  with  the  telescope  normal,  the  other  with  it  revolved  180® 
about  its  own  axis  imtil  the  bubble-tube  is  on  top,  is  correct, 
though  the  rings  may  be  of  unequal  diameters.  In  any  form  of 
wye-level  there  should  be  some  device  for  stopping  the  tele- 
scope, as  it  is  revolved  about  its  own  axis,  when  the  vertical 
hair  becomes  truly  vertical. 

(fe)  The  dumpy  level  is  one  in  which  the  telescope  is  attached 
to  the  bar  in  such  a  way  that  it  cannot  be  revolved  about  its 
own  axis  or  taken  out  of  its  supports  and  turned  end  for  end. 
Though  less  convenient  to  adjust  than  the  wye-level  it  holds 
its  adjustment  longer.  As  the  line  of  sight  is  adjusted  by  the 
'*peg  method,"  the  uncertainty  of  adjustment  mentioned  in 
connection  with  the  wye-level  is  avoided.  The  dumpy  level 
is  more  simple  and  compact  than  the  wye-level,  and  if  equally 
well  made  it  will  do  as  accurate  work.  Some  of  the  most  per- 
fect levels  made  and  used  in  work  of  great  precision  are  of  this 
type.* 

(c)  Special  forms  of  levels.  Levels  of  precision  are  simply 
wye-levels  or  dumpy  levels  made  with  the  greatest  care,  and 
having  some  modifications  and  attachments  designed  to  in- 
crease the  accuracy  of  the  work.  (See  page  275.)  Hand-levels, 
such  as  Lockers  Hand-level,  are  for  rough  work  and  are  used 

*  See  Engineering  News,  July  2,  1903,  for  a  description  of  one  of  the  latest 
precise  leveling  iiLstruments. 
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mostly  for  locating  contours  in  topographic  surveying.  (See  p. 
233.)  To  this  class  also  belongs  the  Clinometer  or  Ahney  Hand- 
level,  which  is  a  modification  of  the  Locke  level,  having  a  sup- 
plementary telescope  and  graduated  arc  for  reading  vertical 
angles.  For  work  of  medium  accuracy  there  are  varieties  of 
levels,  such  as  the  Architects  Levels  which  are  simply  cheaper 
forms  of  the  wye  level  or  the  dumpy  level. 

Note.  By  exercising  a  little  ingenuity  home-made  levels  may  be  devised, 
which  can  be  used  for  rough  work.  For  example,  a  right  an^e  may  be 
constructed  of  two  wooden  pieces  and  pivoted  to  a  staff;  the  vertical  leg 
is  made  vertical  by  a  plumb-line  attached  to  the  upper  comer,  and  the 
line  of  sight  directed  along  the  horizontal  leg.  Another  form  is  the  well- 
known  A-level  in  wuich  the  plumb-line  is  attached  to  the  apex  of  the  A 
and  the  line  of  sight  directed  along  the  horizontal  bar.  This  form  may  be 
adjusted  by  placing  the  two  bottom  points  of  the  A  on  two  rigid  supports, 
marking  the  point  at  which  tiie  plumb-line  crosses  the  horizontal  bar, 
reversing  the  A  on  the  supports,  marking  a  second  point  on  the  bar,  and 
taking  a  final  point  half-way^ between.     If  the  A-level  is  held  so  that  the 

Klumb-line  passes  througa  this  final  point,  the  horizontal  bar  will  be  truly 
orizontal.  There  are  also  forms  of  water-levels,  such  as  a  U-shaped  tube 
with  water  in  it,  or  even  a  bucket  of  water  wita  a  wooden  float  and  two 
upright  sticks  to  serve  as  sights.  A  carpenter's  square  and  plumb-bob  are 
frequently  used  for  establishing  a  horizontal  line. 

(e)  Tests  for  the  level.  (1)  Sensitiveness  of  the  bubble. 
(See  p.  545  for  test.)  (2)  Magnification:  The  least  displacement 
of  the  bubble  should  cause  a  perceptible  movement  of  the  cross- 
hair, otherwise  the  magnifying  power  is  too  low.  (See  p.  555.) 
(3)  The  optical  center  should  move  in  the  line  of  collimation 
as  the  objective  is  moved  from  the  shortest  to  the  longest  focus. 
(See  Suggestion  8,  p.  594,  for  test.)  (4)  The  diameter  of  the 
rings  on  a  wye-level  should  be  exactly  equal.  (See  Remark, 
p.  597,  for  test.)     (5)  For  other  tests  of  telescope  see  p.  556.). 

573,  Leveling- rods  may  be  divided  into  two  classes: 
(1)  target  rods  and  (2)  self -reading  or  speaking  rods.  Although 
the  self-reading  rod  is  usually  provided  with  a  target  for  use 
in  accurate  work,  the  graduation  on  the  rod  is  such  that  the 
levelman  can  take  direct  readings  through  the  telescope  without 
the  aid  of  a  target.  Experiments  show  that  the  difference  in 
precision  between  target  readings  and  direct  readings  is  not 
as  great  as  is  generally  supposed,  and  that  it  is  a  waste  of  time 
to  use  a  target  in  a  large  part  of  ordinary  leveling.  (See  p.  271.) 
The  two  types  of  leveling-rods  most  used,  the  New  York  rod 
and  the  Philadelphia  rod,  are  illustrated  on  pages  228  and  230. 
The  former  is  a  target  rod  and  the  latter  a  self-reading  rod. 
Frequently,  however,  the  sights  are  so  short  that  the  New  York 
rod  can  be  used  as  a  self -reading  rod,  and  iox  \\\\^  \^'asft\x  ''^csa 
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qpp^  lialf  shoiU4  be  graduated  on  the  front  face.  Maiiy  rp4* 
ixlakei^  fail  tq  dp  this  and  it  may  Ih>  neoessary  for  the  engine^i 
to  do  it  for  hiuwelf.  There  are  mapy  patterns  of  self-reading 
rode  in  use,    (See  Stadia  Hods,  p.  674.) 

(a)  Targets.  The  guadmrU  target  shown  on  pag^  228  i^nd 
230  is  of  the  type  most  used.  Another  form  called  the  dia^ 
mond  target  gives  better  results  for  long  sights.  There  fure 
several  other  patterns  in  use.  Targets  are  provided  with  a 
vernier  as  shown  on  the  New  York  rod,  page  230,  or  with  a  scale 
as  shown  on  the  Philadelphia  rod,  page  228.  The  angle  t^urget, 
in  which  the  right-hand  half  is  at  right  angles  to  the  left-hand 
half,  is  a  special  form  devised  to  insure  the  rod  being  held  per- 
pendicular to  the  line  of  sight.     (See  p.  270.) 

(&)  Special  forms  of  leveling-rods.  A  hinge  rod,  in  whioh 
the  upper  half  is  fastened  to  the  lower  "by  a  hinge,  is  sometimes 
used  in  place  of  the  ordinary  extension  rod.  Better  than  either 
of  these  for  accurate  work  is  the  single-piece  rod,  since  the 
errors  that  are  likely  to  be  caused  by  any  form  of  joint  are 
avoided.  There  are  various  other  forms,  such  as  rods  pn  which 
the  target  is  moved  up  and  down  by  an  endless  chain,  apd  flexi- 
ble rods  which  are  simply  canvas  strips  graduated  like  a  self- 
reading  rod.  These  strips  when  rolled  up  can  be  carried  in  the 
pocket;  when  tacked  to  a  straight  board  they  answer  very 
well  for  a  self-reading  rod. 

The  auU>matic  leveling-rod  is  a  special  form  of  self-reading  rpd 
which  gives  the  elevation  of  points  directly  without  arithmetical 
work.  It  consists  of  an  endless  steel  band  passing  over  rollers 
at  the  top  and  bottom  of  a  wooden  rod.  The  graduation  is 
painted  on  the  band  to  correspond  to  that  of  a  self-reading  rod, 
but  reads  downward  instead  of  upward.  In  using  the  rod  ^he 
hand  is  set  for  every  backsight  by  movipg  it  until  the  graduation 
mark  which  corresponds  to  the  elevation  of  the  point  on  whiiJh 
the  rod  is  held  comes  into  the  line  of  sight.  For  example,  if  the 
elevation  of  the  point  where  a  backsight  is  taken  is  94.83,  the 
band  is  moved  until  the  4.83-mark  comes  into  the  line  of  sight- 
If  now  the  rod  is  held  on  any  other  point,  the  line  of  sight  will 
strike  the  tape  at  a  graduation  mark  corresponding  to  the  ele- 
vation of  that  point,  provided  the  tape  has  not  been  disturbed 
between  the  backsight  and  foresight.  Thus  elevations  are  read 
directly,  and  the  backsight  and  foresight  columns  are  entirely 
"    v'nsted  from  the  level  notest    TUW  form  of  rod  is  very  os^ 
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f  ul  in  taking  topography  and  in  cross-sectiOtt  work.  Rods  niade 
according  to  the  same  general  principle  are  described  in 
Engineering  News,  Sept.  13,  1900,  and  March  12^  1003. 

(c)  The  plumbing-level  consists  of  a  round  level  vial  which 
may  be  held  against  the  rod  or  fastened  to  it.  It  is  used  for 
determining  when  the  rod  is  perjpendicular,  and  adds  greatly 
to  the  accuracy  of  the  work.  Some  such  device  should  always 
be  used  in  work  of  great  precision. 

574.  Stadia  Rods  are  of  two  kinds:  target  and  seK-reading. 
The  former  hfts  two  targets  both  of  which  must  be  set  for  every 
sight  taken.  It  may  be  slightly  more  accurate,  but  it  is  far 
less  convenient  than  the  self-reading  rod,  and  is  seldom  used  in 
ordinary  Work.  It  is  sometimes  used  for  exceptionally  long 
sights. 

There  is  a  large  variety  of  eelf-re<iding  stadiA  rods  in  com- 
mon use.  Many  engineers  prefer  to  graduate  their  owh  rods, 
using  the  pattern  best  suited  to  their  work.  All  of  the  rods  in 
Fig.  674  are  graduated  with  the  foot  as  a  unit.  Roda  No,  1 
and  No.  6  are  often  graduated  with  the  meter  as  a  imit.  tn 
Fig.  674  the  space  between  the  top  and  bottom  dotted  lines 
corresponds  to  10  ft.  on  the  ground,  while  each  of  the  small 
spaces  between  the  dotted  lines  corresponds  to  2  ft.  on  the 
ground. 

The  first  two  rods  are  suitable  for  long  sights,  the  last  three 
for  short  sights.  The  difference  in  accuracy,  however,  is  not  as 
great  as  at  first  appears,  for  distances  can  be  estimated  on  the 
first  two  rods  almost  as  closely  as  they  can  be  read  on  the  last 
three.  Moreover,  the  large  number  of  subdivisions  on  each  of 
the  last  three  rods  leads  to  confusion  in  counting  the  marks  in- 
cluded between  the  stadia  wires. 

Whatever  pattern  is  used  there  should  be  sufficient  white  i 
background  at  any  point  on  the  rod  to  make  a  stadia  wire  cover- 
ing that  point  very  clear  and  distinct  to  an  observer  looking 
through  the  telescope.  Rods  No.  1  and  No.  6  (tl.  S.  Coast 
and  Geodetic  Survey  rods)  and  rod  No.  4  (described  by  Mr.  T.  J. 
McMinn  in  Engineering  N'ews,  Oct.  22,  1896),  are  excellent 
in  this  respect,  while  rod  No.  2  is  defective  at  those  points 
where  the  black  spaces  so  nearly  cover  the  width  of  the  rod. 
Rod  No.  2  was  used  on  the  Oswego-Mohawk  Ship  Canal  Survey, 
but  the  width  of  the  rod  was  somewhat  greater  in  proportion 
to  the  size  of  the  black  spaces  than  that  shown  in  the  c-wl. 
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(a)  DirrdiM*  for  inahinc 


a  Todi.    The  riHl  Bhatild  be  fnn 


inchee  wide,  about  i  inch  tEick,  and  fiom  fo  to  14  ft.  lung,  m^  of  etnu'i^t- 
n&ined  white  pine  free  from  knots  and  planed  e """       '    '^'~    -'-- 


- .  __  .J  stiffen  the  rod  and  also  protects  the  era<ihiatio[ 

e  left  off,  the  corners  should  be  rounded  BUKlitly.  ar 

It  H"  thick  by  I"  screwed  to  the  back.     For  prot«cti 


_D  ttuuporlation,  some  en^neerB  prefer  rods  Ringed  at  the  middle,  Bo  that 
the  upper  and  kiwer  halve*  may  be  folded  together,  faces  inward.  A  metal 
«hoe  may  be  screwed  to  the  bottom  of  the  rod  and  thin  metal  atraoKlltsiuiis 
plates  (aslened  on  the  bock  at  the  lop  and  bottom. 


-od  is  to  be  ereduat''d  lo  euit  a  fixed  stadia  iotervsl,  the  unit  of  lenith 
■■  dMertaiofd  bv  (he  method  explained  on  paie  304.  Ordinarily, 
',  tite  fod  ia  divided  into  teet  and  teuths.  or  iaio  meters  aod  deci- 
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meters,  by  means  of  a  scale,  beginning  about  3  inches  from  the  bottom.  The 
pattern  should  be  first  penciled,  then  ruled  with  a  right-line  pen  filled  with 
paint  and  finallv  fiUea  in  with  a  camel's-hair  brush.  A  dull  black  paint 
may  be  used  throughout,  although  some  engineers  prefer  to  emphasize 
certain  division-marts,  as,  for  example,  the  even  foot-marks,  by  painting 
them  red.  Sometimes  such  marks  are  numbered,  but  it  is  doubtfiil  if  this 
is  of  any  advantage.  If  desired  the  whole  rod  may  be  coated  with  a  dur- 
able, elastic  varnish  rubbed  down  to  a  dull  finish.  The  rod  should  be  allowed 
to  dry  thoroughly  before  using. 

575.  ThcT  Surveyor's  Comiiass  in  its  simplest  form  is 
mounted  on  a  single  staff,  but  in  its  usual  form  it  is  mounted 
on  a  tripod.  The  upper  part  consists  of  a  horizontal  arm  having 
two  uprights  or  sight  vanes,  with  a  compass-box  between  them. 
There  are  various  devices  for  attaching  this  upper  part  to  the 
tripod,  such  as  a  ball-and-socket  joint,  a  leveling-head  simi- 
lar to  that  used  on  transits,  and  in  some  instruments  a  com- 
bination of  the  two.  The  needle  should  be  so  sensitive  that 
when  it  is  attracted  to  one  side  by  a  piece  of  iron  held  a  foot 
or  so  away  it  will  settle  in  its  original  position  several  times  In 
succession.  Sensitiveness  depends  upon  the  sharpness  and  per- 
fect form  of  the  pivot,  the  form  and  smoothness  of  the  cup,  the 
shape  and  balance  of  the  needle,  and  the  strength  of  its  mag- 
netism. A  good  needle  properly  charged  does  not  often  lose 
its  magnetism,  and  hence  in  the  majority  of  cases  a  sluggish 
needle  is  due  to  the  dulling  of  the  pivot-point,  or  to  the  scratch- 
ing of  the  cup.  As  it  is  difficult  to  sharpen  a  pivot,  special 
precaiitions  should  be  taken  to  avoid  dulling  it,  such,  for  ex- 
ample, as  lifting  the  needle  off  the  pivot  when  not  in  use.  (See 
p.  294.)  The  extreme  ends  of  the  needle  should  come  close  to 
the  graduated  circle  and  should  lie  in  the  same  plane  with  it  to 
avoid  parallax  in  reading.  The  center  of  the  needle  and  the  two 
ends  should  lie  in  the  same  vertical  plane,  so  that  if  the  pivot 
is  in  the  center  of  the  graduated  circle  the  readings  of  the  two 
ends  of  the  needle  will  agree.  The  magnetic  axis  of  the  needle 
should  coincide  with  its  geometric  axis.  The  plane  passing 
through  the  slits  of  the  sight  vanes,  in  which  the  line  of  sight  is 
contained,  should  pass  through  the  zero- points  of  the  graduated 
circle  and  be  at  right  angles  to  the  plane  of  this  circle.  The 
above  are  the  most  important  requirements  for  a  good  compass; 
most  of  them  depend  wholly  upon  the  process  of  manufacture, 
while  a  few  may  be  met  by  proper  adjustment  of  the  instrument. 
(See  p.  602.) 

(a)  Special  forms  of  compasses.  When  the  plain  compass 
described  fibove  has  a  movable  vernier  for  setting  o^  tVsfe  xs^-g*."?^ 
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netic  declination  it  is  called  a  vernier  compass.  Th^  prismaiie 
eampass  used  for  less  accurate  work  has  a  triaoguliir  gbi«3  prism 
and  a  mirror  by  means  of  which  the  needle  may  be  read  at  tho 
same  time  that  a  sight  is  taken;  this  is  an  advantage  when  the 
instrument  is  held  in  the  hand  instead  qI  being  moiint^d  on  a 
Jacob's-staff  or  a  tripod.  Compasses  are  sometimes  provided 
with  a  graduation  for  reading  angles  independently  df  the  needle, 
but  the  precision  which  can  be  obtained  with  open  Sf^tS  ii 
hardly  sufficient  to  warrant  this.  Telescopes  sometimes  replace 
the  open  sights,  but  if  the  work  is  of  such  a  nature  an  to  requlie 
a  telescope,  it  is  better  to  use  a  light  transit  in  place  of  the  QOm^ 
pass.  The  solar  compass,  formerly  used  in  land  aurveys  for 
determining  the  true  meridian  by  an  observation  on  the  sun* 
has  now  been  replaced  almost  entirely  by  the  solar  attaohment 
on  the  transit  which  is  constructed  on  the  same  general  prill* 
eiples.     (See  Appendix  J.) 

(k)  Tests  for  the  compass.  (1)  Stretch  a  fine  thread 
through  the  two  sight  vanes.  The  north  and  south  pointsi  of 
the  graduated  circle  and  the  zero  of  the  declination-aro  vernier 
should  be  tUrectly  underneath  this  thread.  (2)  Teat  the  aen* 
sitiveness  of  the  needle  to  see  if  it  will  settle  several  times  in 
succession  at  the  same  reading  after  being  attracted  to  OUQ 
side.  (3)  By  means  of  a  transit  set  stakes  about  200  ft.  from 
a  station  at  angular  intervals  of,  say,  30°  until  a  circle  is  eom* 
ploted.  Set  the  compass  over  the  station  and  sight  at  each 
stake  in  succession,  noting  the  needle  readings.  If  at  any 
point  the  change  in  the  needle  reading  is  not  30°  from  that 
of  the  preceding  reading,  and  if  all  sources  of  attraction  outside 
of  the  compass  have  been  carefully  removed,  it  is  probable  that 
the  metal  of  the  oompass-box  contains  some  masrnetio  substance, 
as,  for  example,  iron  mixed  with  the  brass.  If  a  compass  haa  a 
long  declination  arc  and  vernier,  the  transit  may  be  dispensed 
with  in  the  above  test,  the  angles  being  turned  off  by  meaDf 
of  the  vernier. 

576.  The  Plane-table.  A  complete  plane-table  eonaista 
of  a  drawing-board  mounted  on  a  tripod  and  an  alidade  consist' 
ing  of  a  thin  flat  straight-edge  upon  which  is  mounted  a  tele- 
scope and  vertical  arc. 

The  board  varies  in  size  from  15"X15"  for  a  traverse  board 

up  to  24"  X  30"  for  a  regulation  plane-table.     It  should  be  con- 

structed  bo  tb^t  it  will  not  warp  and  its  upper  surface  ^ould 
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be  a  smooth  plane,  two  conditions  difTii^ult  to  fulfil.  There  9,1^ 
various  devices  for  fastening  the  paper  to  the  Iwapd,  of  which 
screw-tacks  are  perhaps  the  best,     (See  393  (3),  p.  327.) 

The  drawing-board  is  eomiected  to  the  tripod  by  a  meohaniam 
which  supports  the  board,  yet  leaves  it  free  to  revolve  in  a  hori- 
zontal plane.  If  the  diameter  of  this  support  is  small  the  board 
is  likely  to  be  unstable,  while  if  the  diameter  is  large  the  instru- 
ment is  likely  to  be  heavy  and  cumbersome.  The  maximum  of 
rigidity  and  strength  is  probably  obtained  by  the  usq  of  radiating 
arms  which  support  the  board.  For  ordinary  work,  however, 
a  lighter  and  more  portable  instrument  with  ^  quick  leveling 
device  is  desirable.  An  excellent  form  is  that  adopted  by  the 
U,  S.  Geological  Survey  and  known  as  Johnson's  plane- 
table. 

(a)  Alibadb.  The  telescope  should  be  equal  to  that  on  an 
ordinary  transit.  As  vertical  angles  are  frequently  of  great 
importance  in  plane-table  work,  the  diameter  of  the  vertical  arc 
should  be  large  and  the  sensitiveness  of  the  bubble  should  be  in 
proportion^  as  pointed  out  in  the  specifications  for  a  transit 
^p.  567).  Th^  axis  of  the  telescope  should  be  parallel  to  the 
edge  of  the  metal  straight-edge. 

(b)  Accessories.  A  small  compass-box,  sometimes  called  a 
declinator,  is  required  for  determining  the  magnetic  meridian. 
Levels  for  leveling  the  board  are  also  required.  Sometimes  they 
are  attached  to  the  ruler  of  the  alidade,  sometimes  they  are 
combined  with  the  oompaaa^box.  A  plumhing-har  is  occasion- 
ally required  and  should  be  furnished  with  the  instrument. 
Drawing-instruments,  scale,  etc.,  a  water-proof  cover,  a  case  for 
the  drawing-paper,  and  a  sunshade  complete  the  outfit, 

(c)  Traverse  boards  are  small  plane-tables  used  for  rough 
work,  such  as  sketching  in  contours  in  topographic  surveys. 
In  place  of  the  telescope  two  slotted  uprights  or  open  sights  are 
used. 

(d)  Tests  for  plane-table.  The  edge  of  the  ruler  which 
forms  the  base  of  the  alidade  should  be  straight.  (See  test  for 
8traight«-edge,  p.  438.)  To  see  if  the  upper  surface  of  the  board 
is  a  plane  lay  a  straight-edge  on  it  in  all  directions.  If  it  ig 
only  a  little  out  it  may  be  scraped  or  planed  down,  and  then 
smoothed  with  sandpaper. 

577.  The  Sextant.  The  distinguishing  characteristic  of 
the  sextant  is  the  arrangement  of  mirrors,  which  enaUl^  ^VNse^ 
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observer  to  sight  at  two  difTerent  objects  simultaneously,  and 
thus  to  measure  an  angle  at  a  single  observation.  While  other 
instruments  must  be  kept  stationary  during  thfe  time  between 
the  backsight  and  the  foresight,  the  sextant  may  be  held  in 
the  hand,  since  the  two  sights  are  taken  at  the  same  time,  and 
horizontal,  vertical,  or  inclined  angles  may  be  measured  very 
accurately  even  though  the  instrument  is  in  motion.  For  this 
reason  the  sextant  is  used  far  observations  at  sea.  In  surveying 
it  is  used  for  measuring  angles  from  a  boat  to  points  on  shore 
when  locating  soundings,  buoys,  etc.,  by  the  method  shown  in 
Fig.  197,  p.  137;  it  is  also  used  in  reconnaissance  work,  explora- 
tions, geological  surveys,  and  for  solar  observations. 

(a)  To  MEASURE  A  HORIZONTAL  ANGLE.   In  Fig.  577  (a) 

let  B  represent  the  mirror  or  index-glass  which  is  rigidly  attached 

to  the  vernier  arm  BH.  Let  C 
represent  the  horizon-glass,  the 
lower  portion  of  which  is  a.mirror, 
and  the  upper  portion  clear  glass. 
The  colored  glasses  may  be  turned 
back  out  of  the  way  except  when 
making  observations  on  the  sim, 
when  they  will  be  needed  to  pro- 
tect the  eye.  Usually  three  eye- 
pieces are  furnished:  one  for  or- 
dinary terrestrial  work,  one  for 
astronomical  work,  and  one  with- 
out magnifying  power. 

Jjet  A  and  D  be  the  two  points 

sighted  at,  and  E  the  eye  of  the  observer;  then  the  angle  required 

is  AED. 

(1)  Holding  the  sextant  in  one  hand  by  the  handle  imder- 
neath,  bring  the  plane  of  the  graduated  arc  JK  into  the  plane 
or  the  eye  and  the  two  points  A  and  Z>. 

(2)  Sight  through  the  upper  portion  (clear  glass)  of  the  hori- 
zon-glass C  directly  at  D  and  swing  the  vernier  arm  BH  (thus 
turning  the  index-glass  B)  until  the  image  of  A  reflected 
from  B  to  the  lower  half  (mirror)  of  C  appears  superimposed 
upon  D. 

(3)  Clamp  the  vernier  and  by  means  of  the  tangent-screw 
bring  the  imagt^}  of  A  and  D  into  exact  coincidence. 

(4)  Read  the  vernier.     The  reading  is  the  angle  AEDi  but 
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unless  these  three  points  lie  in  a  horizontal  plane  the  angle  is 
not  a  true  horizontal  angle.  In  most  oases,  however,  where  the 
sextant  would  be  used,  the  difference  between  the  angle  and  its 
horizontal  projection  would  be  a  negligible  quantity. 

(b)  Practical  suggestions.  (1)  It  is  a  little  difficult  at  first  to  bring  the 
two  images  into  coincidence,  especially  if  the  observer  is  in  a  boat,  where 
on  account  of  the  unsteady  motion  it  may  be  necessary  to  make  quick 
observations.  In  such  a  case  it  is  often  best  to  dispense  with  the  use  of  the 
eyepiece  altogether;  simplv  place  the  eye  at  the  center  of  the  ring  from 
which  the  ey^iece  has  been  removed  and  proceed  as  if  looking  through 
a  telescope.  This  is  a  ^od  way  in  which  to  become  accustomed  to  the 
use  of  the  sextant,  and  it  will  be  found  that  angles  can  be  measured  by 
this  method  with  surprising  accuracy.  (2)  Sight  through  the  telescope 
directly  at  the  fainter  object,  so  that  the  brighter  object  will  be  the  one 
reflected.  To  do  this  it  may  be  necessary  to  hold  the  sextant  upside  down. 
(3)  Do  not  try  to  hold  the  images  still  in  the  field  of  view,  but  find  the 
final  position  of  the  vernier  arm  by  a  series  of  observations,  twisting  the 
wrist  to  produce  a  regular  oscillating  motion,  and  noting  the  relation  of 
the  reflected  image  to  the  direct  image  as  they  come  together.  (4)  The 
adjusting  screw  that  moves  the  telescoi)e  to  or  from  the  plane  of  the  arc 
is  for  the  purpose  of  centering  the  two  images  and  making  them  equally 
bright.  (5)  Keep  the  fingers  off  the  graduation,  as  it  tarnish^  easily- 
(6)  The  de^ees  on  the  arc  are  numbered  to  correspond  to  twice  their 
value,  that  is,  each  degree  is  marked  two  degrees,  etc.,  as  explained  below. 
The  sextant  is  so  called  because  the  arc  is  about  60°  long,  but  angles  may 
be  measured  to  120**  or  more.  (7)  The  index  correction  should  be  deter- 
mined as  accurately  as  the  angle  is  to  be  measured.     (See  p.  606.) 

(c)  Vertical  angles  may  be  measured  by  holding  the  sex- 
tant so  that  its  arc  lies  in  a  vertical  plane.  In  observations  on 
the  sun  an  artificial  horizon,  such  as  a  shallow  box  of  mercury, 
is  used;  the  image  of  the  sun  in  this  reflecting  surface  and  the 
sun  itself  are  the  two  objects  sighted  at,  the  resulting  angle  being 
the  double  altitude  of  the  sun. 

{d)  The  theory  op  the  sextant.  If  a  ray  of  light  is  re- 
flected successively  from  two  plane  mirrors  the  angle  between 
the  first  and  last  directions  of  the  ray  is  twice  the  angle  between 
^he  planes  of  the  two  mirrors. 

Proof.    In  Fig.  677  (a)  let  FO  and  CO  be  drawn  perpendicular  to  the 

S lanes  of  £he  mirrors  B  and  C  respectively.     Let  the  ray  from  A  be  de- 
ected  at  B  to  C  and  again  at  C  to  J^.     Since  the  angle  of  incidence  equals 
the  angle  of  reflection, 

ABF^FBC    and     BCG^GCE; 
also  by  geometry  BGC='CHB. 
BEC  =^180° -EBC-BCE= ABC -BCE. 
BGC'-imo-GBC-BCG  '^^ABC-hBCE. 
.-.  BEC='2BGC=2CHB, 


Wiien  the  mirrors  are  brought  into  parallel  planes  CHB  becomes  lero 
and  hence  the  angle  AED  will  oe  aero,  i.e.  the  rays  from  A  and  D  are  par- 
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allele  This  ^jirw  the  tx>feitiDn  Cff  the  Atin  for  A  iteidiiis  xd  (y*.  l!  tlM  artt 
1^  moved  to  any  point  as  U^  the  sero  of  the  vernier  will  move  ow  the  ar« 
%^  angtilair  difitimee  equal  to  the  an^  bett^eeh  the  nurron,  which,  as 
fhown  above*  is  one  half  of  the  required  ang^e  BBC  ot  ASD..  For  tais 
fieasoh  the  ftrd  is  numbered  to  give  at  once  the  angle  required  at  S,  ije. 
each  degree  is  ctnlnted  ha  twice  its  reAl  value. 

*  A  ray  which  tomes  from  hhy  point  to  the  Iby6  thrcAigh  i^  horiidn- 
l^laes  is  not  strictly  parallel  to  a  my  fnOA  the  Mifie  {Mitit  OobttHK  to  the 
eye  indirectly  by  reflection,  since  the  ihdet-gltad  is  tev<erAl  iiiohe*  out  of 
the  direct  line  of  sight,  but  fbr  eightu  tooi-e  than  1000  ft.  the  mtat  would 
not  exceed  from  30  to  40  Mcoadi  (see  table,  p.  10^  and  tf»  ii^li  of  a 
mile  of  tMtt  it  id  inappreciiible. 
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ADJUSTMENTS 

The  actual  work  of  adjusting  a  surveying  instrument  is  oo^lparatively 
Bimple  and  easy  once  the  reasons  for  the  various  steps  are  clearly  under- 
stood. If,  on  the  other  hand,  the  reasons  are  not  clear,  and  the  student 
is  content  simply  to  follow  directions  such  as  those  printed  in  catalogs  of 
instruments,  he  is  not  likely  to  work  intelligently  or  to  gain  confidence  in 
his  ability  to  adjust  an  instrument.  The  aim  in  this  chapter,  therefore, 
is  to  lead  the  student  to  a  thorough  understanding  of  fundamental  prin- 
ciples, so  that  if  he  forgets  the  methods  and  order  of  adjustment-s  ^  (as  he 
almost  surely  will)  he  will  be  able  to  reason  them  out  for  himself  instead 
of  reisdng  upon  his  memory  or  upon  printed  directions. 

The  adjustments  explained  are  those  of  the  transit,  the  level,  the  com- 
pass, the  plane-table,  and  the  sextant. 


578.  Why  Adjustments  are  Necessary.  When  an  instru- 
ment leaves  the  hands  of  the  maker  it  should  be  in  complete 
adjustment.  There  are  certain  parts,  however,  which  are 
likely  to  be  deranged  by  accident  or  by  continuous  use.  ,  Accu- 
rate work  can  often  be  done  with  an  instrument  out  of  adjust- 
ment, provided  certain  methods  of  eliminating  errors  are  fol- 
lowed, as  for  example,  the  method  of  double  reverse,  page  92, 
but  such  methods  involve  extra  labor,  and  hence  it  saves  time 
to  keep  an  instrument  in  adjustment.  Moreover,  there  are  some 
errors  wliich  cannot  be  eliminated  except  by  adjusting  the 
instrument.  A  good  instrument  will  sometimes  stay  in  adjust- 
ment for  months,  nevertheless  all  instruments  should  be  tested 
frequently.  In  accurate  leveling,  for  instance,  the  level  should 
be  tested  at  least  once  a  day.  The  more  accurate  the  instru- 
ment and  the  more  exacting  the  requirements  the  more  atten- 
tion should  be  paid  to  the  adjustments.  No  man  therefore  is 
a  competent  sun^eyor  who  is  unable  to  adjust  his  instruments. 

579.  General  Sus:gestions.  The  following  suggestions  apply 
to  the  adjustment  of  all  surveying  instruments:  (1)  For  each 
instrument  there  are  usually  several  adjustments.  Each  adjust- 
ment consists  of  two  steps:  first  a  test  to  determine  the  error, 
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and  then  the  correction  of  this  error  by  turning  certain  adjusting- 
screws  or  nuts.     In  most  cases  this  is  done  by  inserting  an  adjust- 
ing-pin,  hence   the   terms,   capstan  screws   and   capstan  nuts. 
(2)  The  adjusting-pin  should  fit  snugly  into  the  hole,  otherwise 
the  holes  will  become  worn  and  out  of  shape.     In  an  emergency 
a  wire  nail  can  be  used.     (3)  If  all  of  the  adjustments  are  badly 
out,  do  not  perfect  the  adjustments  one  at  a  time,  but  rather 
bring  the  whole  instrument  to  a  nice  adjustment  by  repeating 
the  entire  series  as  many  times  as  may  be  necessary.     This  is 
because  the  adjustment  of  one  part  may  affect  some  other  part 
already  adjusted.     Hence  the  final  step  in  the  adjustment  of  any 
instrument  is  to  test  each  adjustment  to  see  that  none  has  been  dis- 
turbed.    For  this  reason  select  a  place  where  the  adjustments 
may  be  made  in  succession  without  disturbing  the  instrument. 
(4)  In  making  any  one  adjustment  the  test  and  correction  should 
be  repeated  a  number  of  times.     It  will  save  time  not  to  split 
hairs  during  the  early  part  of  the  adjustment,  but  the  mor« 
nearly  the  adjustment  is  perfected  the  more  carefully  it  should 
be  made.     (5)  An  instrument  will  stay  in  adjustment   longer 
if  screws  and  nuts  are  left  in  perfect  contact  with  the  surfaces 
against  which  they  operate.     For  example,  after  a  screw  has 
come  to  bearing,  a  slight  tiun  of  the  adjusting-pin  of,  say,  20® 
will  ''set"  it  so  that  it  is  not  easily  disturbed.     Undue  strain 
however  should  be  avoided.     (6)  Before  attempting  to  adjust 
cross-hairs  study  carefully  the  note  on  page  550  and  the  photo- 
graph on  page  551.     Tightening  the  capstan  screws  which  move 
the  cross-hair  ring  does  not  affect  the  tightness  of  the  cross-hairs, 
but  if  too  tight  the  whole  telescope  may  be  affected.     If  one 
pair  of  screws  is  fastened  tightly  while  the  other  pair  at  right 
angles  is  being  turned,   imdue   strain  may  be  brought  on  the 
fiirst  pair  if  the  adjustment  is  considerable.     In  such  a  case 
loosen  all  four  screws  slightly  before  working  either  pair.     (7)  In 
adjusting  cross-hairs  take  the  least  important   first,  i.e.,  the 
horizontal  hair  in  a  transit  telescope  and  the  vertical  hair  in  the 
telescope  of  a  level.     (8)  In  this  book  the  line  between  the  inter- 
section of  the  cross-hairs  and  the  center  of  the  object-glass  is 
called  the  line  of  sight.     A  distinction  is  made  between  this 
Une  and  the  line  of  collimation  (see  p.  553),  with  which  it  may 
or  may  not  coincide.     (9)  If  after  adjusting  an  instrument  the 
intersection  of  the  cross-hairs  does  not  appear  to  be  in  the 
center  of  the  field  of  vision,  the  eyepiece  probably  needs  "cen- 
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tering''  (see  page  601).  (lO)  Eliminate  parallax  (see  p.  666), 
(11)  It  is  well  to  set  up  the  instrument  in  the  shade  during 
adjustment.  This  is  especially  true  of  the  level,  as  a  bright  sun 
affects  the  bubble. 

580.  The  Method  of  Reversion.  Every  adjustment  depends 
upon  the  method  of  reversion,  i.e.,  the  adjustment  is  tested  by 
reversing  the  instrument,  or  some  part  of  it,  so  that  an  error 
will  become  apparent;  this  apparent  error  is  double  the  true 
error,  because  reversion  simply  places  the  error  as  much  to  one 
side  as  it  was  on  the  opposite  side  before  reversion.  This  will 
become  evident  as  the  adjustments  are  explained.  The  thing 
to  remember  is  that  a  single  reversion  doubles  the  error. 


'Horizontal 
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(a)  TUustration.  The  reversion  of  the  hvhhle-tvbe,  end  for  end,  is  an  excel- 
lent illustration  of  the  method  of  reversion.  Moreover,  since  it  is  the  basis 
of  three  of  the  six  principal  adjustments,  it  is  worth  while  to  understand 
it  perfectly. 

In  Fig.  a  let  the  bubble  be  in  the  center  of  the  tube — its  axis  hn  must 
therefore  be  horizontal — ^but  let  the  supports  u  and  v  be  of  unequal  length. 
Then  any  surface  as  ac,  upon  which  the  supports  rest,  cannot  be  level,  but  a 
will  be  higher  than  c,  since  u  is  shorter  than  v.  Suppose  that  it  is  desired 
to  bring  the  axis  of  the  bubble  hn  parallel  to  the  surface  ac  by  making 
tlie  supports  u  and  v  of  egual  length;  this  is  equivalent  to  making  hn  coin- 
cide with  some  line  ht  which  has  the  same  inclination  e  with  the  horizontal 
that  ac  has.  This  error  e,  which  is  to  be  corrected,  is  above  the  required 
line  ht.  Keep  the  surface  ac  stationary,  but  take  the  bubble-tube  off,  and 
reverse  it  end  for  end  (Fig.b) .  The  supports  u  and  v  being  attached  to  the  tube, 
and  their  lengths  as  yet  b?ing  imchanged,  the  new  axis  of  the  bubble  ho 
still  makes  the  angle  e  with  ac  and  ht,  but  is  helow  ht  instead  of  above.  ^  In 
other  words,  reversion  has  simply  placed  the  error  on  the  opposite  side, 
and  the  total  error  e  +  €f  —  2e  is  &yble  the  true  error.  To  correct  the  error 
tnerefore  change  the  lengths  of  the  supports  u  and  v  until  the  bubble  moves 
HALP-way  back  to  the  center;  ho  will  then  coincide  with  ht,  and  u  and  v 
will  be  of  equal  lengths.  If  now  the  surface  ac  is  made  horizontal  (Fig.  c), 
the  bubble  will  return  to  the  center  and  its  axis  ho  will  be  horizontal. 

(ft)  Let  the  bubble-tube  be  attached  to  the  surface  ac  by  supporting 
screws  u  and  v,  and  let  this  surface  be  revolved  on  a  spindle  a.  It  is  evi- 
dent that  if  the  axis  of  this  spindle  is  at  right  angles  to  a4i  (he  inclination 
of  ac  cannot  change  durino  revolution,  and  that  if  the  surface  is  revolved 
through  180°  the  buhhle-tid>e  will  he  turned  end  for  end  just  the  same  as  if 
it  had  been  taken  off  and  reversed.  Hence  m  this  case  the  reasonln.^ 
and  the  conclusions  of  the  preceding  paragraph  still  VvoVA.  ^gya^.    'SX  \^  \a 
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be  noted  that  before  adjustment  (Fi£s.  a  and  h)  the  azia  of  the  QMncfie 
is  inclined;  after  adjustment  (Fig.  c)  it  is  vertical. 

Remark.  If  the  axis  of  the  spindle  is  not  perpendicular  to  oe  reveraioo 
and  correction  will  still  bring  the  axis  of  the  bubble  perpendicular  to  the 
axis  of  the  spindle. 

581.  Adjastmeiits  of  the  Transit.  The  principal  lines 
to  be  considered  in  the  adjustment  of  the  transit  are:  (1)  The 
line  of  sight  (see  p.  553).  (2)  The  axis  of  the  bubble  in  each 
plate-level  (see  p.  544).  (3)  The  supporting  axis  of  the  tele- 
scope. (4)  The  vertical  axis  through  the  spindles.  (5)  The 
axis  of  the  bubble-tube  attached  to  the  telescope. 

The  principal  adjustments  are  five  in  number,  the  first 
three  of  which  should  always  be  made;  the  last  two  are  necessary 
only  when  the  transit  is  used  for  measuring  vertical  an^es  or 
for  leveling: 

I.  The  adjustment  of  the  plate-levels,  so  that  the  plates  shall  lie 
in  a  horizontal  plane  when  each  bubble  is  in  the  center  of  its 
tube. 

II.  The  adjustment  of  the  cross-hairs,  so  that  the  line  of  sight 
shall  revolve  in  a  plane  when  the  telescope  is  turned  on  its  sup- 
porting axis. 

III.  The  adjustment  of  the  standards,  so  that  the  line  of  sight 
shall  revolve  in  a  vertical  plane  when  the  first  two  adjustments 
have  been  made  and  the  transit  is  leveled  up. 

IV.  The  adjustment  of  the  telescope  level,  so  that  the  axis  of  the 
bubble  shall  be  parallel  to  the  line  of  sight. 

V.  The  adjustment  of  the  vertical  circle,  so  that  its  vernier  shall 
read  zero  when  the  line  of  sight  is  horizontal. 

The  relative  importance  of  adjustments.  (1)  The  first 
adjustment  is  important  in  all  transit  work.  (2)  The  second 
is  important  in  work  which  involves  plunging  the  telescope. 
(3)  The  third  is  important  in  the  measurement  of  horizontal 
angles  between  points  which  differ  considerably  in  elevation. 
Such  measurements  are  also  affected  to  some  extent  by  the  first 
two  adjustments.  (4)  The  fourth  adjustment  is  necessary  when 
the  transit  is  used  as  a  level.  (5)  The  fifth  adjustment  is  not 
essential,  but  it  facilitates  the  reading  of  vertical  angles. 

I.  Adjustment  of  the  plate-levels.     Object.    To  make  the 
axis  of  each  bubble  parallel  to  the  plate  to  which  the  bubble- 
tubes  are  attached,  so  that  when  each  bubble  is  in  the  center 
of  its  tube  the  plate  shall  be  truly  horizontal.     This  is  equiva- 
leni  to  bringing  the  axes  of  the  bubbles  perpendicular  to  the 
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axis  of  the  spindle  upon  which  the  plate  turns,  provided  this 
axis  has  been  made  by  the  instrument-maker  perpendicular  to 
the  plate.* 

Test.  The  final  test  is  to  see  that  each  bubble  comes  to  rest 
/n  the  center  of  its  tube  when  the  plate  is  turned  on  its  spindle 
to  any  position  from  O*'  to  360*^.  During  adjustment,  howeveri 
repeated  tests  for  each  bubble  are  made  as  follows: 

(1)  Level  up  and  bring  the  bubble- tube  parallel  to  two  diag* 
onally  opposite  leveling-screws. 

(2)  Turn  the  plate  half-way  around  until  the  bubble-tube  if 
parallel  to  the  same  pair  of  screws,  but  reversed  end  for  end. 
If  the  bubble  does  not  come  to  rest  at  the  center  the  tube  needs 
adjusting. 

Correction,  (1)  Bring  the  bubble  half-way  back  to  the  cen- 
ter of  its  tube  by  turning  one  and  then  the  other  of  the  capstan 
screws  which  support  the  ends  of  the  tube.  (2)  Bring  it  the 
rest  of  the  way  (i.e.,  to  the  center)  by  leveling  the  plate  with  the 
leveling  thuhib-screws.  (3)  Repeat  the  test  and  the  adjust- 
ment until  the  bubble  remains  in  the  center  when  the  plate  is 
turned  half-way  around.  (4)  Adjust  the  other  bubble-tube  in 
like  manner.  (5)  Apply  the  final  test  of  turning  the  plate  com- 
pletely around  from  0°  to  360®. 

Principle  involved.  The  reason  why  the  bubble  is  brought 
half-woy  back  after  reversion  is  explained  in  Art.  680,  p.  583. 

Practical  suggestions.  (1)  Set  up  the  transit  so  that  it  is  firm.  If  a 
place  is  chosen  where  a  SOO-ft.  sight  can  be  taken  each  way,  and  where 
the  telescope  caa  be  directed  to  some  high  ^int,  all  four  of  the  remaininjS 
adjustments  can  be  made  without  disturbing  the  instrument.  (2)  It  is 
better  to  clamp  the  lower  plate  and  to  allow  the  upper  plate  to  remain  un- 
damped tliroughout  the  adjustment.  "When  the  final  test  is  satisfactory, 
clamp  both  plates  together,  loosen  the  lower  clamp,  and  turn  the  two  plates 
completely  around;  both  bubbles  should  remain  in  the  centers  of  their 
tubes;  if  they  do  not  it  shows  that  the  axes  of  the  inner  and  outer  spindles 
(see  photograph,  p.  565)  are  not  parallel,  a  defect  best  remedied  by  the  maker. 
If  the  axes  are  not  parallel  no  error  will  be  caused  in  the  measurement 
of  horizontal  angles  unless  they  are  measured  by  repetition,  provided  the 
plate-levels  are  adjusted  perpendicular  to  the  axis  of  the  inner  spindle. 
(3)  If  the  bubbles  are  not  oadly  out  both  may  be  adjusted  simultaneously, 
taking  care  to  reverse  one  tube  parallel  to  one  pair  of  leveling-screws  and 
tlie  otlier  tube  parallel  to  the  other  pair.  (4)  It  will  often  si^ce  to  turn 
one  capstan  screw  only,  lowering  slightly  the  end  of  the  tube  where  the 

*  If  the  axis  of  the  spindle  is  not  perpendicular  to  the  plate  the  adjust-r 
ment  of  the  plate-levels  does  not  in  any  way  involve  the  horizontality  of 
the  plat«.  For  this  reason  it  is  more  correct  to  consider  the  relation  of 
the  plate-levels  to  the  vertical  axis,  ignoring  the  plate  altogether  For  the 
sake  of  clearness,  however,  it  is  better  to  consider  the  parallelism  of  the 
plate-levels_  to  the  plate  as  the  real  object  of  the  adjustment,  especially 
as  the  vertical  axis  is  so  nearly  perpendicular  to  the  plate  in  the  ordinary 
transit  that  the  error  is  inappreciable. 
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bubble  lies,  or  raisins  the  other  end.  (5)  Turning  a  capstan  wcrew  dook- 
wise  screws  it  into  the  plate  and  therefore  lowers  the  corresftonding  end 
of  the  tube;  counter-clockwise  unscrews  the  screw  and  raises  the  end  of 
the  tube. 

II.  Adjustment  of  the  cross-hairs.  This  adjustment 
consists  of  two  steps:  (1)  adjustment  of  the  horizontal  hair  and 
(2)  adjustment  of  the  vertical  hair.  The  former  affects  only 
leveling  operations  and  measurements  of  vertical  angles,  while 
the  latter  affects  all  transit  work,  especially  that  in  which  the 
telescope  is  plunged.  The  adjustment  of  the  horizontal  hair 
is  often  overlooked  or  ignored. 

Note.  Before  adjusting  the  cross-hairs  separated  it  is  well  to  see  that 
the  vertical  hair  is  truly  vertical;  if  the  two  cross-hairs  have  been  put  on 
the  ring  exactly  at  right  angles  to  each  other  the  horizontal  hair  wul  then 
be  truly  horizontal.  Test  the  vertical  hair  by  seeing  if  it  coincides  with 
a  plumb-line  or  the  cpmer  of  a  building,  or,  another  method,  with  the 
supporting  axis  horizontal,  sight  upon  some  well-defined  point  and  depress 
the  telescope;  the  point  should  appear  to  move  up  and  down  the  hair. 
If  the  hair  is  not  vertical  loosen  afi  four  capstan  screws  slightly  take  hold 
of  their  heads  and  turn  the  ring  until  the  hair  is  vertical.  (See  note,  page 
550).  Or,  better  still,  tap  the  loose  heads  gently  with  the  finger-tip  or 
with  a  pencil,  since  the  amount  which  the  ring  must  be  removed  is  slight. 

Adjustment  of  the  Horizontal  Cross-hair 

This  adjustment  is  necessary  only  when  vertical  angles  are 
to  be  measured  with  more  than  ordinary  acciu-acy,  or  when 
careful  leveling  is  to  be  done  with -the  transit. 

Object.  To  bring  the  horizontal  hair  into  the  plane  of  motion 
of  the  optical  center  of  the  object-glass;  if  it  is  not  in  that  plane 
the  line  of  sight  will  change  as  the  object-glass  is  moved  in  or 
out  for  focusing. 

Test,  (1)  Hold  a  leveling-rod  on  a  stake  driven  near  the  transit, 
clamp  the  telescope  so  that  the  line  of  sight  is  approximately 
parallel  to  the  surface  of  the  ground  for  about  300  ft.,  bring 
the  center  of  the  target  to  the  line  of  sight,  and  note  the  rod 
reading.  (2)  Without  moving  the  telescope  read  a  rod  upon  a 
second  stake  about  300  ft.  away.  (3)  Unclamp,  plunge,  turn 
the  plates,  bring  the  inverted  telescope  to  the  former  reading  on 
the  first  stake,  and  tighten  all  clamps.  If  the  horizontal  hair 
does  not  strike  the  former  reading  on  the  second  stake  it  should 
be  adjusted. 

Correction.  Set  the  target  at  the  mean  of  the  two  readings 
taken  at  the  second  stake.  With  the  telescope  still  cxamped 
in  the  position  it  was  in  when  the  second  reading  was  taken, 
'^ove  the  borizonta}  hair  by  means  of  the  capstan  screws  until 
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it  bisects  the  target,  when  the  rod  is  held  on  the  second  stake. 
Loosen  the  capstan  screw  on  top  of  the  telescope  and  tighten 
the  opposite  screw  to  move  the  hair  upward  as  observed  through 
an  INVERTING  eyepiece,  and  vice  versa  to  move  it  downward. 
(Why?  See  p.  550.)  Repeat  the  test  and  correction  until  the 
adjustment  is  perfected.  The  principle  involved  is  that  of  single 
reversion;  the  telescope  being  inverted  once,  the  error  is  doubled. 
(See  Fig.  582  (I),  p.  593.) 

Practical  suggestions.  (1)  It  is  not  necessary  that  the  telescope  should 
be  level  when  sighting  at  the  leveling-rod — any  line  of  sight  will  do.  (2)  It  is 
better  to  use  two  leveling-rods,  one  for  each  stake,  then  the  target  may  be 
left  undisturbed  on  the  rod  near  the  transit.  In  an  emergency  two  straight 
sticks  or  transit  poles  may  be  used  in  place  of  leveling-rods.  A  small  piece 
of  paper  wrapped  around  each  stick  and  held  in  place  by  a  rubber  band 
will  serve  as  a  target,  the  band  marking  the  points  sighted  at.  Use  three 
bands  for  the  pole  at  the  farther  stake,  one  for  the  first  sight,  one  for  the 
second,  and  one  half-way  between. 

Adjustment  of  the  Vertical  Cross-hair 

This  is  often  called  the  adjustment  of  the  line  of  coUimatum, 
(See  p.  553.) 

Object.  To  make  the  line  of  sight  perpendicular  to  the  sup- 
porting axis  of  the  telescope,  so  that  when  the  telescope  is  plunged 
the  Une  of  sight  will  generate  a  plane;  if  the  line  of  sight  is  not 
perpendicular  it  will  generate  the  surface  of  a  cone.  In  prac- 
tice the  chief  object  of  the  adjustment  is  to  be  able  to  produce 
a  straight  line  by  backsighting  and  then  simply  plunging  the 
telescope  once. 

Test.  The  test  corresponds  exactly  to  reversing  in  azimuth 
and  altitude  or  double  reverse.  (See  p.  92.)  Sight  on  some 
permanent  backsight,  plunge,  establish  point  number  one. 
Leave  the  telescope  inverted,  turn  upper  plate,  sight  on  the 
permanent  backsight,  plunge,  and  establish  point  number  two. 
If  these  two  points  do  not  coincide  the  vertical  cross-hair  must 
be  adjusted. 

Correction.  (1)  Measuring  from  point  two  towards  point 
one,  mark  a  third  point  one  fourth  of  the  distance  from  point 
two  to  point  one.  (2)  By  loosening  one  of  the  capstan  screws 
on  the  side  of  the  telescope  and  tightening  the  other,  move  the 
cross-hair  ring  until  the  vertical  hair  is  on  point  three.  (3)  Re- 
peat the  test  and  the  adjustment  imtil  the  two  points  estab- 
lished by  the  double  reverse  exactly  coincide. 

Principle  involved.  This  is  a  double  application  of  tha  \sNfc\!w5k^ 
of  reversion.     Reversing  (plunging)  the  teVeacto^  oTi.efc^QVi^^^'"^^^^'^ 
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not  found,  but  the  anc^e  BKD  equals  4e.  Henoe  mark  a  point  P  on* 
fourth  the  distance  DB  Trom  D  and  move  the  cross-hair  ring  until  the  ver* 
tical  hair  is  on  P.  Then  HKP  is  a  right  angle — the  object  of  the  adjiut- 
ment. 

8ue8twn.     Why  is  the  horizontal  hair  adjusted  before  the  vertical  hair? 
uestion      In  adjusting  the  vertical  hair  is  the  horizontal  hair  necessarilsr 
thrown  out  of  adjustment?     If  not,  why  not?     (See  note,  p.  660.) 

Prctctical  auggealions.  (1)  Set  up  in  some  comparatively  level  place 
where  a  sight  of  about  300  ft.  each  way  can  be  bad;  closer  adjustment 
can  be  made  at  this  than  at  longer  distances.  (2)  Select  some  well-defined 
point  for  a  permanent  backsight;  if  necessary  set  a  very  slender  stake  or 
establish  a  backsight  in  some  other  way.  (3)  Each  foresight  should  be 
marked  and  numbered.  The  backsight  and  the  position  of  the  transit 
can  often  be  chosen  so  that  the  foresights  will  fall  on  some  vertical  sur- 
face, where  pencil-marks  can  be  distinctly  seen  through  the  telescope,  as, 
for  example,  marks  on  a  sheet  of  paper  tacked  to  the  side  of  a  builcling. 
(4)  When  the  man  who  marks  the  foresights  has  measured  back  one 
fourth  the  apparent  error,  he  should  hold  his  pencil  on  the  point,  and  (^tVe 
some  well-understood  signal  that  the  point  indicated  is  the  one  to  which 
the  vertical  hair  should  be  adjusted,  otherwise  points  may  be  confused  by 
the  man  at  the  transit.  If  the  transitman  is  sighting  at  a  vertical  surface, 
confusion  may  be  avoided  by  drawing  a  pencil-line  which  can  be  seen  from 
the  transit.  As  tests  are  repeated  erase  all  lines  previously  drawn,  so  that 
for  each  test  there  is  only  one  line  that  the  transitman  can  see,  i.e.,  the 
line  to  which  the  vertical  hair  should  be  adjustc^d.  An  experienced  transit- 
man  can  often  make  tiiis  adjustment  without  help,  by  taking  for  a  fore- 
sight some  such  object  as  a  window-pane,  estimating  the  error  each  time 
and  repeating  the  tost  and  correction  until  the  vertical  nair  bisects  the  object 
used  as  a  foresight.  (5)  On  some  transits  there  are  three  sets  of  capetan- 
screws.  Those  nearest  the  eye  adjust  the  eyepiece,  the  next  set  are 
for  the  stadia  wires,  and  the  third  set  for  the  cross-hair  ring.  In  this 
adjustment,  therefore,  ttse  the  two  side  screws  farthest  from  the  eyepiece. 

(6)  If,  in  looking  throuj^  the  telescope,  the  vertical  hair  should  apparently 
be  moved  to  the  right  in  order  to  cover  the  point  indicated,  loosen  the 
capstan  screw  on  the  rijht-hand  side  of  the  telescope  and  ti^ten  the 
opposite  screw.  This  really  moves  the  vertical  cross-hair  to  the  left, 
since  the  cross-bair  ring  is  drawn  towards  the  screw  that  is  tightened  (see 
p.  560),  but  the  eyepiece  inverts  the  movement  (p.  552)  so  that  it  appears 
to  be  drawn  to  the  right.  Hence  the  rule:  Loosen  the  screw  towards  which 
the  cross-hair  must  apparently  be  moved,  and  tighten  the  opposite  screw.* 

(7)  Do  not  be  too  particular  aiiout  getting  the  cro&s-liair  on  the  point  until 
after  two  or  three  tests  by  double  reverse  have  been  made;  tlie  nearer 
the  adjustment  approaches  completion  the  more  nearly  should  the  hair 
split  the  pomt.  (8)  The  final  adjustment  can  often  be  made  by  simply 
tightening  one  screw  without  loosening  the  other,  but  screws  must  not  be 
strained  (see  Suggestion  ^6),  p.  582  ).  (9)  When  the  line  of  sight  is  in  ad- 
justment it  should  coincide  with  the  line  of  coUimation,  and  this  in  turn 
should  be  concentric  with  the  geometrical  axis  of  the  telescope.  If  these 
conditions  are  not  fulfilled  errors  may  be  introduced  as  the  objective  is 
moved  in  or  out  for  sights  of  different  lengths.  Perfect  adjustment  in  this 
respect  depends  largely  on  the  maker  of  the  instrument.  (10)  Since  the 
line  of  sight  is  determined  solely  by  the  position  of  the  intersection  of  the 
cross-hairs  with  respect  to  the  center  of  the  object-glass,  it  is  not  affected 
by  the  position  of  the  eyepiece.  The  latter  may  oc  movied,  in  any  direc- 
tion, or  even  entirdy  removed  and  a  new  one  substituted  without  affecting 
tlie  adjustment  of  the  cross-hairs. 

III.  Adjustment  op  the  standards.  Object.  By  the  pre- 
ceding adjustment  of  the  vertical  hair  the  line  of  sight  has  been 
made  to  revolve  in  a  plane;  the  object  of  the  adjustment  of  the 
standards  is  to  make  this  plane  vertical  when  the  plate  td  which 
the  standards  are  attached  is  level,  i.e.,  to  make  the  supporting 

*  This  is  assuming  that  this  eyepiece  is  inverting.  i.e.,  it  inverts  the  image 
00  that  objects  appear  ri^t  side  up.     (See  p.  552..) 
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axis  parallel  to  the  plate  by  making  the  standards  of  equal 
heights.* 

Test.  (1)  Level  up,  sight  to  some  high  and  well-defined 
point,  clamp  to  prevent  motion  sidewise,  depress  the  telescope 
without  plimging,  and  mark  point  number  one.  (2)  Unclamp, 
plunge,  turn  plates  half-way  around,  and  with  inverted  telescope 
backsight  again  at  the  high  point,  depress  the  telescope  without 
plunging,  and  establish  point  number  two;  if  it  does  not  coincide 
with  point  number  one  the  standards  should  be  adjusted. 

Correction.  (1)  Mark  a  point  half-way  between  the  first  and 
second  point.  (2)  Sight  on  this  middle  point,  clamp,  and  point 
the  telescope  upward;  the  line  of  sight  will  not  quite  strike  the 
original  high  point.  (3)  Make  it  strike  the  point  by  raising  or 
lowering  one  end  of  the  supporting  axis.  This  is  done  by  turn- 
ing the  capstan  screw  near  the  top  of  the  standard,  loosening  or 
tightening  at  the  same  time  the  screws  which  fasten  the  cap  of 
the  standard.  Repeat  the  test  and  correction  imtil  the  two 
points  exactly  coincide  after  reversion. 

Principle  involved.  Since  the  telescope  is  plimged  (i.e.,  re- 
versed) but  once,  this  is  a  case  of  single  reversion,  and  the  apparent 
error  is  double  the  true  error — not  four  times  the  error  as  in  the 
adjustment  of  the  vertical  hair,  where  the  telescope  was  plunged 
twice.     This  is  evident  from  Fig.  581  (III). 

Illustration.     In  the  first  position  of  the  axis,  Fig.  581  (III),  the  rig)it- 
hand  end  is  the  higher;    after  backsighting  on  A  and  depressing  the  tele- 
scope   the    intersection    of    the 
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cross-hairs  falls  on  B.  Turning 
the  plate  half-way  around  brings 
the  higher  end  of  the  axis  to 
the  left,  so  that  the  second  point 
faUs  at  C.  The  point  M  is 
approximately  where  the  line  of 
sight  should  strike  when  the 
axis  is  horizontal,  ije.,A  andAf 
are  in  the  same  vertical  plane. 

Remark.  Theoretically  the 
figure  does  not  trulv  represent 
the  adjustment,  and  the  point 
M  is  not  half-way  between  C 
and  B  except  under  certain  con- 
ditions. Two  oblique  planes  are 
generated  by  the  line  of  sight, 
which  are  not  truly  represented 
by  AB  and  AC.  The  problem 
is  therefore  one  in  descriptive 
geometry.     (See  Nugent's  Plane 


Surveying,  p.  240.)  In  practice,  however,  points  B  and  C  are  so  near 
together  that  by  taking  M  half-way  between  and  making  the  correction 
e=CM=NA  the  supporting  axis  is  made  more  nearly  horizontal,  until 
after  a  few  trials  the  adjustment  is  perfected. 


*  More  correctly,  perpendicular  to  the  vertical  axis  (see  foot-note,  p.  585). 
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Practical  suggestions.  For  a  permanent  backsight  a  church  spire,  a 
point  on  some  high  building  or  some  older  well-defined  point  may  be 
taken.  When  no  such  point  is  visible  a  comparatively  low  point  40  or 
50  feet  above  the  ground  may  be  chosen,  but  the  transit  should  be  cor- 
respondingly near,  so  that  when  the  telescope  is  depressed  it  will  describe 
as  large  an  arc  as  possible.  (2)  The  usual  method  of  correction  is  to  bring 
the  cross-hairs  on  M.  If,  however,  M  is  nearly  on  the  same  level  with  the 
telescope,  it  is  better  to  sight  on  Af  and  then  point  the  telescope  upward 
before  making  the  correction,  for  the  higher  the  telescope  is  pointed  the 
more  the  direction  of  the  Une  of  sight  is  changed  by  raising  or  lowering 
one  end  of  the  supporting  axis  (Whuf),  and  the  easier  it  is  to  gauge  the 
amount  of  adjustment.  (3)  To  decide  whether  the  adjustable  end  of  the 
supporting  axis  is  too  high  or  too  low,  note  in  which  direction  the  second 
plane  generated  slopes,  and  remember  that  the  supporting  axis  is  per- 
pendicular to  that  plane.  (See  Fig.  681  (III).)  (4)  If  the  end  of  the  axis 
must  be  raised  loosen  first  the  screws  fastening  the  cap  to  the  standard 
before  turning  the  capstan  screw. 

IV.  Adjustment  of  the  telescope  level.  This  adjust- 
ment is  necessary  when  the  transit  is  used  as  a  level,  or  when 
vertical  angles  with  reference  to  a  horizontal  plane  are  to  be 
measured. 

Object.  To  make  the  axis  of  the  bubble  parallel  to  the  line 
of  sight  when  the  latter  is  horizontal. 

Test  and  correction.  Exactly  the  same  as  the  ''peg"  adjust- 
ment of  the  level  (see  p.  597). 

V.  Adjustment  of  the  vertical  circle  and  vernier. 
This  adjustment  affects  the  measurement  of  vertical  angles  with 
reference  to  a  horizontal  plane.  Note  that  it  does  not  affect 
the  measurement  of  a  vertical  angle  between  two  points. 

Object.  To  make  the  vertical  circle  read  zero  when  the  line 
of  sight  is  horizontal.  It  is  assumed  that  the  transit  having 
been  leveled  up,  the  vertical  axis  is  truly  vertical  because  of 
previous  adjustments. 

Test.  Bring  the  bubble  of  the  telescope  level  exactly  to  the 
center  by  clamp-  and  tangent-screw,  and  see  by  inspection  if 
the  zero  on  the  vernier  and  the  zero  on  the  vertical  circle  coin- 
cide. 

Correction.  Shift  the  vernier  until  the  zeroes  coincide,  by 
loosening  the  screws  which  hold  it  to  the  standard.  On  some 
transits  other  provision  is  made  for  shifting  the  vernier  or  the 
vertical  arc. 

Practical  suggestion.  '  (1)  If  the  zeroes  cannot  be  made  to  coincide,  note 
the  amount  and  sign  of  the  difference.  This  will  be  an  index  error  to  be 
applied  as  a  correction  to  each  angle  of  elevation  or  depression.  (2)  If 
there  is  no  level  underneath  the  telescope,  make  the  line  of  coUimation 
horizontal  by  the  method  used  in  the  "peg"  adjustment,  i.e.  set  the  transit 
exactly  half  way  between  two  points,  clamp  the  telescope  in  as  nearly 
a  horizontal  position  as  can  be  estimated  and  proceed  as  directed  on 
page  598. 
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582.  Adjustments  of  the  Wye-level.  The  principal 
LINES  to  be  considered  in  adjusting  a  level  are: 

(1)  The  line  of  sight  from  the  intersection  of  the  cross-hairs 
to  the  optical  center  of  the  object-glass. 

(2)  The  line  of  coUimation,  with  which  the  line  of  si^t  should 
be  made  to  coincide. 

(3)  The  axis  of  the  collars  or  rings,  a  Une  joining  the  centers 
o(  the  collars. 

(4)  The  axis  of  the  bubble  (see  p.  544). 

(5)  The  line  of  the  bottom  of  the  wyes,  a  Une  jwning  the  lowesi 
points,  where  the  collars  rest  on  the  inner  surfaces  of  the  wyes. 

(6)  The  vertical  axis  of  the  level  through  the  spindle.  For 
sake  of  clearness  another  line  will  be  considered,  viz.: 

(7)  The  axis  of  the  level-bar,  a  Une  through  the  horizontal  bar 
which  supports  the  wyes.  This  axis  is  assumed  to  be  perpen- 
dicular to  the  vertical  axis;  it  may  or  may  not  coincide  with  the 
geometrical  axis  of  the  level-bar. 

The  object  op  the  principal  adjustments  is  to  make  lines 
(1),  (2),  and  (3)  coincide,  and  then  to  bring  the  first  five  lines 
paraUel  to  (7)  and  hence  perpendicular  to  (6).  The  three  prin- 
cipal adjustments  may  be  outlined  as  foUows:  Let  Fig.  582 
refM-esent  a  level  out  of  adjustment,  the  errors  of  course  being 
greatly  exaggerated. 


-n    __u:oBsl3^>^^^£;^l{S^^{z) 


Bottom  o£  Wyes  (5} 
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Fio.  682. 

I.  The  adjustment  of  the  cross-hairs  makes  the  line  of  sight 
coincide  with  the  axis  of  the  collars.  This  is  done  by  moving 
the  cross-hair  ring,  and  in  a  well-made  instrument  results  also 
In  bringing  the  line  of  sight  into  the  line  of  coUimation. 

II.  The  adjustment  of  the  level-tube  brings  the  axis  of  the  bubble 
parallel  to  the  bottom  of  the  wyes,  whether  the  collars  are  of  the 
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same  size  or  not.  This  is  done  by  turning  the  screws  which 
hold  the  ends  of  the  tube  to  the  telescope.  In  a  well-made  level 
the  collars  should  be  true  circles,  of  the  same  size  and  each  in 
perfect  contact  with  the  inner  surface  of  the  wye;  then  the 
bottom  of  the  wyes,  the  axis  of  the  collars,  the  line  of  sight,  and 
the  axis  of  the  bubble  are  all  parallel  as  a  result  of  the  first  two 
adjustments. 

III.  The  adjustment  of  the  wyes  brings  the  axis  of  the  bubble 
parallel  to  the  axis  of  the  level-bar.  This  is  done  by  making  the 
wyes  of  equal  height.  All  lines  should  now  be  perpendicular  to 
the  vertical  axis,  which  is  the  true  object  of  the  three  adjustments. 

Remark.  Before  taking  up  the  adjustments  in  detail  the 
student  should  thoroughly  acquaint  himself  with  the  relations 
which  should  exist  between  the  principal  lines  as  set  forth  in 
this  article. 

I.  Adjustment  op  the  cross-hairs.  Object.  To  make  the 
line  of  sight  coincide  with  the  axis  of  the  collars. 

Test.  (1)  Direct  the  line  of  sight  to  some  well-defined  point 
and  clamp.  (2)  Loosen  the  clips  which  hold  the  telescope, 
rotate  the  telescope  half-way  around  in  the  wyes  (not  end  for 
end)  until  the  bubble-tube  is  above  the  telescope.  If  the  line 
of  sight  does  not  strike  the  point  the  cross-hairs  should  be  ad- 
justed. In  the  final  test  the  intersection  of  the  cross-haire 
should  remain  on  the  point  throughout  a  complete  revolution 
of  the  telescope. 

Correction.  If  both  hairs  are  ofif  the  point,  each  must  be 
adjusted  by  bringing  it  half-way  back.  This  is  done  by  moving 
the  cross-hair  ring,  loosening  the  upper  or  lower  capstan  screw 
and  tightening  the  opposite  screw  for  the  horizontal  hair,  loosen- 
ing a  side  capstan  screw,  and  tightening  the  opposite  screw  for 
the  vertical  hair  (see  p.  550).  Repeat  the  test  and  adjustment 
untij  the  latter  is  perfected. 
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Fig.  682  (I). 

The  principle  involved  is  that  of  single  reverse.  If  the  line  of 
sight  is  direpted  to  A,  Fig.  582  (I),  and  the  telescope  is  then  ro» 
tated  the  line  of  sight  will  strike  some  point  ^.t  B,    The  angle 
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AH  B  is  twice  the  error.  In  like  manner  the  distance  that  the 
vertical  hair  is  to  the  right  or  to  the  left  of  the  point,  after  rever- 
sion, is  double  the  error. 

Practical  suggestions.  (1)  It  is  not  necessary  that  the  telescope  should 
be  horizontal  while  making  this  adjustment  so  long  as  the  wyes  remain  in 
a  fixed  i)osition.  Any  two  i)oints  of  support  could  be  used  in  place  of  the 
wyes.  (2)  A  nail  in  a  fence  or  building  about  300  ft.  away,  or,  better  yet, 
a  piece  of  paper  tacked  up  with  a  fine  cross  marked  on  it,  will  serve  for  a 
pomt  to  sight  at  if  no  other  definite  point  is  visible.  (3)  Loosen  the  cap- 
stan screw  towards  which  a  cross-hair  should  be  moved  (as  observed  throum 
the  ordinary  eyepiece),  and  tighten  the  opposite  screw.  (See  hint  (6), 
p.  582).  (4)  The  capstan  screws  farthest  from  the  eyepiece  move  the 
cross-hair  ring.  (DD  in  the  photograph  p.  551).  (5)  Adjusting  for  one 
hair  may  disturb  the  adjustment  of  the  other.  (6)  Read  hints  (7),  (8), 
and  (10),  page  582.  (7)  It  is  important  in  leveling  to  have  the  horisontai 
hair  truly  horizontal.  Test  as  follows:  Level  up,  close  the  clips  so  that 
the  pin  will  hold  the  telescope  in  place  (or  see  that  the  mark  on  the  collar 
coincides  with  the  mark  on  the  wye).  Mark  the  jwint  where  the  line  of 
sight  strikes  some  vertical  surface  a  short  distance  away.  Revolve  the 
telescope  on  its  vertical  axis  so  that  the  point  appears  to  move  from  one 
edge  of  the  field  of  view  to  the  other;  if  the  point  is  covered  by  the  cross- 
hair throughout  the  movement  the  hair  is  horizontal  (assuming  that  the 
axis  of  revolution  is  truly  vertical).  If  the  cross-hair  is  not  horizontal 
loosen  slightly  all  four  capstan  screws  and  gently  tap  their  heads  to  move 
the  cross-hair  ring  (as  directed  in  the  note,  p.  586).  Repeat  the  test  and 
correction  until  the  hair  is  truly  horizontal.  This  will  bring  the  other 
hair  vertical,  or  nearly  enough  vertical  to  plumb  the  rod  by,  since  the 
hairs  are  fastened  to  the  ring  at  right  angles  to  each  other.  (8)  When 
the  adjustment  has  been  completed  for  a  point  300  ft.  away,  focus  on  a 
point  near  the  instrument,  say  20  ft.  away,  and  repeat  the  test.  If  the 
instrument  is  out  of  adjustment  for  this  second  point,  either  the  object- 
glass  slide  does  not  work  parallel  to  the  axis  of  the  collars  or  the  optical 
center  is  not  in  the  axis  of  the  collars.  On  some  makes  of  levels  the  object- 
glass  slide  can  be  adjusted  (see  p.  002),  but  the  latter  defect  can  be  remedied 
only  by  the  maker. 

II.  Adjustment  of  the  bubble-tube.  This  adjustment 
consists  of  tvx)  steps,  neither  of  which,  theoretically,  is  entirely 
independent  of  the  oiher. 

First  Step. 

Object.  To  bring  the  axis  of  the  bubble  into  the  same  plane 
with  the  axis  of  the  collars. 

Test.  (1)  Level  up  and  clamp  the  telescope  over  two  diago- 
nally opposite  leveling-screws.  (2)  Loosen  the  clips,  rotate 
the  telescope  a  few  degrees  in  its  wyes  (not  end  for  end)^  until 
the  bubble-tube  is  no  longer  underneath  the  telescope.  If 
the  bubble  does  not  remain  in  the  center  the  tube  should  be 
adjusted.  In  the  final  test  the  bubble  should  remain  in  the 
center  when  the  tube  is  swung  to  either  side. 

Correction.  Bring  the  bubble  all  the  way  back  to  the  center 
by  turmng  the  capstan  screws  on  each  side  of  the  level-holder, 

'Mlljr  at  the  object-glass  end  oi  t\ie  \ai\>^. 
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Principle  involved.  There  is  no  reversion  during  the  test;  hence 
the  apparent  error  is  equal  to  the  true  error,  not  double  it. 
Before  adjustment  the  axis  of  the  bubble  generates  a  hyperperboloid 
of  revolution  of  one  nappe — the  more  the  adjustment  is  per- 
fected the  more  nearly  will  it  generate  a  cylinder. 

Practical  mggestiona.  (1)  Since  in  most  of  the  later  instruments  the  tele- 
scope is  not  free  to  turn,  being  held  in  place  by  a  pin  in  one  of  the  clips, 
this  adjustment  is  not  important  except  as  it  prepares  the  way  for  the 
second  step,  in  which  the  clips  are  left  open.  (2)  If,  when  the  telescope 
is  rotated  first  to  one  side,  then  to  the  other  the  bubble  travels  toward 
the  same  end,  it  shows  that  the  bubble-tube  is  conical  instead  of  cylindrical 
and  the  adjustment  will  not  correct  it.  (3)  Before  beginning  the  adjust- 
ment put  on  the  sunshade.  This  is  not  of  much  importance  in  this  adjust- 
ment: but  in  some  of  the  following  adjustments  it  is,  since  the  maker 
usually  plans  to  have  the  telescope  in  perfect  balance  when  the  sunshade 
is  on  and  the  eyepiece  and  objective  each  at  the  average  focus.  (4)  In 
some  instruments  it  is  necessary  to  loosen  the  capstan  nuts  used  in  the 
second  step  before  the  screw  used  in  this  step  can  be  turned. 

Remark:  Assuming  that  the  axis  of  the  bubble  and  the  axis  of  the  col- 
lar are  in  the  same  vertical  plane,  the  bubble  will  still  move  toward  one  end 
of  the  tube  when  the  teiescope  is  rotated  unless  the  axis  of  the  bubble  is 
parallel  to  the  axis  of  the  collar  and  to  the  bottom  of  the  wyes  (the  object 
of  the  second  step).  Hence  it  may  be  necessary  to  repeat  both  the  first  and 
second  step  until  the  two  corresponding  tests  are  satisfactory. 

Second  Step  in  the  Adjustment  of  the  Bubble-tube, 

Object,  To  make  the  axis  of  the  bubble  parallel  to  the  bot- 
tom of  the  wyes. 

Second  test.  (1)  Level  up  and  clamp  the  telescope  (wer  two 
diagonally  opposite  leveling-screws.  (2)  Loosen  clips,  take  the 
telescope  out  of  its  wyes,  and  replace  it  turned  end  for  end.^  If 
the  bubble  does  not  return  to  the  center  the  tube  should  be 
adjusted. 

Second  correction.  Bring  the  bubble  half-way  back  to  the 
center  by  lowering  the  end  of  the  tube  towards  which  the  bubble 
has  moved,  or,  what  is  equivalent,  by  raising  the  other  end. 
This  is  done  by  turning  the  capstan  nuts  which  hold  one  end 
of  the  tube  to  the  telescope.  Level  up  again,  and  repeat  the 
test  and  adjustment  imtil  reversion  can  be  made  without  caus- 
ing any  change  in  the  position  of  the  bubble. 

Principle  involved.  This  is  a  case  of  single  reversion,  exactly 
like  that  explained  on  p.  583.  Before  reversion  the  axis  of  the 
bubble  BB  in  Fig.  582  (II)  (next  page)  is  horizontal,  but  not 
parallel  to  CC,  the  bottom  of  the  collars;  or,  since  the  bottom 
of  the  collars  and  the  bottom  of  the  wyes  are  in  contact,  BB  is 
not  parallel  to  the  bottom  of  the  wyes,  also  represented  by  CC. 
The  bottom  of  the  wyes  CC  is  kept  stationary  during  the  teat^ 
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and  therefore  cdirfesponds  to  ac^  Fig.  580(6),  p.  583.     Hence 
turning  the  bubble-tube  end  for  end  doubles  the  error. 

Line  of  Sight 

c 

FiQ.  582(11). 

Practical  auggestums.  (1)  Great  care  is  necessary  in  taking  the  tele* 
scope  out  and  replacing  it  in  the  wyes  to  avoid  jarring  or  disturbing  the 
rest  of  the  instrument.  (2)  Loosen  the  upper  capstan  nut  first,  raise  or 
lower  the  lower  nut  as  the  case  requires,  and  finally  bring  home  the  uiH3er 
nut  in  completing  the  adjustment.  Usually  the  nuts  are  at  one  end  of 
the  bubble-tube  only.  (3)  Notice  that  this  adjustment,  like  the  adjust- 
ment of  the  cross-hairs,  could  be  perfected  on  any  two  i)oints  of  support 
independent  of  the  wyes.  (4)  Although  by  this  adjustment  the  axis  of 
the  bubble  is  made  parallel  to  the  bottom  of  the  wyes,  it  does  not  follow 
that  it  is  also  parallel  to  the  line  of  sight,  even  though  the  latter  has  been 
made  by  the  adjustment  of  the  cross-hairs  to  coincide  with  the  axis  of 
the  collars;  for  the  collars  may  not  be  true  circles  of  equal  diameter;  if 
they  are  not,  this  method  of  adjustment  fails  and  the  "peg"  method  must 
be  used.     (See  p.  599.) 

TIL  Adjustment  of  the  wyes.  Object.  To  make  the  cutis 
of  the  bubble  parallel  to  the  axis  of  the  level-bar^  and  thus  to  make 
ail  the  principal  lines  of  the  level  perpendicular  to  the  vertical 
axis.  Practically,  the  object  is  to  get  the  two  wyes  of  equal 
height. 

Test.  (1)  Level  up,  bring  the  telescope  over  two  diagonally 
opposite  leveling-screws,  and  see  that  the  bubble  is  exactly  in 
the  center.  (2)  Revolve  the  telescope  on  its  spindle  half-way 
around  or  until  it  is  over  the  same  pair  of  leveling-screws,  but 
reversed  end  for  end.  If  the  bubble  does  not  remain  in  the 
center  the  wyes  should  be  adjusted.  In  the  final  test  the 
bubble. should  remain  in  the  center  during  a  complete  revolu- 
tion of  the  telescope. 

Correction.  Bring  the  bubble  half-way  back  by  turning  the 
large  capstan  nuts,  i.e.,  those  at  the  ends  of  the  level-bar,  thus 
changing  the  heights  of  the  wyes  above  the  axis  of  the  level- 
bar  until  they  are  equal.  Level  up  the  instrument  again,  and 
repeat  the  test  and  the  adjustment  until  the  position  of  the 
bubble  is  not  changed  by  revolving  the  telescope  on  its 
spindle. 

Caution.  On  some  wye-levels  there  are  one  or  two  small  set-screws  in 
the  uprights  at  the  end  of  the  level  bar;  these  must  be  loosened  before  the 
capstan  nuts  can  be  turned. 
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Principle  involved.  This  is  also  a  case  of  single  reversion, 
exactly  like  that  explained  on  p.  583,  also  exactly  simi- 
lar to  the  first  adjustment  of  the  transit.  The  bubble-tube  is 
attached  to  the  level-bar  by  the  supporting  wyes.  Before 
reversion  the  axis  of  the  bubble  is  horizontal,  but  since  the  in- 
clination of  the  level  bar  HH  does  not  change  during  revolution 
it  corresponds  to  ac,  p.  583,  and  reversion  doubles  the  error. 
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Practical  avggcstwns.  (1)  When  the  firsit  and  second  adjustments  of  the 
lev»»l  are  '  'out,' '  it  is  not  apparent  unless  tests  are  made;  but  when  the  third 
adjustment  is  "out"  it  is  known  at  once,  since  the  bubble  will  not  remain 
in  the  center.  For  this  reason  undue  importance  is  too  often  attached 
to  this  last  adjustment.  In  reality  it  does  not  affect  the  accuracy  of  the 
work,  provided  the  bubble  is  brought  to  the  center  of  its  tube  just  before 
each  sight  is  taken.  The  adjustment  is  made  simply  as  a  matter  of  con- 
venience to  save  this  continual  leveling  up.  A  ijood  levelman  will  not 
depend  upon  it,  but  will  watch  the  bubble  mstinctively  and  always  bring 
it  to  the  center  before  taking  any  important  sight.  (2)  It  is  well  to  make  the 
first  test  with  the  telescope  over  one  pair  of  leveling-screws,  the  next  test 
over  the  other  pair,  alternating  until  the  adjustment  is  nearly  perfected, 
when  it  may  be  completed  over  a  single  pair  of  screws.  (3)  Loosen  the 
upper  nut,  then  raise  or  lower  the  lower  nut  as  the  case  requiries.  Though 
nuts  are  provided  at  each  end  of  the  bar,  unless  the  adjustment  is  bacuv 
out,  the  adjustment  can  usually  be  made  wholly  by  those  at  one  end. 
(4)  When  unable  to  makfe  the  adjustment  correctly,  examine  the  outside 
socket  to  see  that  it  is  securely  siet  in  the  main  socket,  and  also  notice 
that  the  clamp  does  not  bear  on  the  ring  which  it  encircles.  When  these 
are  correct  and  the  error  is  still  apparent  it  is  probal^y  due  to  some  im- 
perfection of  the  interior  spindle.  (5)  Having  completed  all  three  adjust- 
ments of  the  level  they  should  be  verified  by  the  '  *peg-method"  teat.  (See 
Remark,  below.) 

583.  The  "Peg  Adjustment"  Object,  to  make  the  line 
of  sight  and  the  axis  of  the  bubble  parallel. 

Remark.  This  adjustment  is  also  called  the  direct  adjustment  in  con- 
trast to  the  indirect  adjustment  explained  in  the  preceding  article.  It  ia 
used  mostly  for  the  adjustment  of  the  dumpy  level  and  for  the  level  on  a 
transit  telescope.  The  chief  advantage  of  the  wye-level  lies  in  the  ease 
with  which  it  may  be  adjusted  by  the  indirect  method;  yet  if  certain  defects 
exist — as,  for  example,  inequality  of  the  rings — they  are  not  disclosed  by 
the  indirect  test.  Hence,  after  the  wye-level  has  been  adjusted  by  the 
methods  of  the  preceding  article,  it  should  be  tested  by  the  peg  method 
explained  below.     (See  also  suggestion  7  on  page  599-) 

There  are  two  methods  of  making  the  peg  adjustment. 
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First  Method. 

Test.  (1)  Drive  two  stakes  A  and  B  (Fig.  583)  from  300  to 
400  ft.  apart,  and  set  up  at  C  a  third  point  exactly  half-way 
between  the  other  two.  (2)  Take  rod-readings  R^  and  R^  on 
stakes  at  A  and  B,  The  difference  in  the  readings  will  be  the 
true  difference  in  elevations  cZ,  of  A  and  B,  no  matter  how  much 
the  instrument  may  be  out  of  adju,stment.  Set  up  again  near  one 
of  the  points,  say  at  F,  and  again  take  rod-readings  on  A  and  B» 
If  the  difference  in  elevation  of  A  and  B  as  found  from  the  last 
two  readings  agrees  with  rfj  (i.e.,  Ri-R^f  the  level  is  in  adjust- 
ment. 


I^e  of  Sight 


Points  of  same  elevation 


h 

n  V 
5L± 


Fig.  5S3. 


Error.    If  the  level  is  out  of  adjustment,  let  R^  and  R^  be  the 

rod-readings  taken  when  the  instrument  is  at  F.      The  line  of 

sight  should  strike  m,  hence  the  error  is  hm—e.    The  errt» 

for  a  distance  between  stakes  A  and  B  (i.e.,  distance  Kn)  is  hOf 

Fm 
and  from  similar  triangles  ^="='(^2'~<^i)  where  d.^—R^—R^  and 

di^Rz — R\. 

Correction.  There  are  two  methods  of  correcting  the  errop^ 
(1)  by  adjusting  the  cross-hairs  and  (2)  by  adjusting  the  bubble" 
tube. 

To  correct  by  adjusting  the  cross-hairs.  (1)  Compute  e  from 
the  above  formula  and  set  the  target  at  (R^  —  e),  thus  bringing 
it  to  m.  Clamp  the  instrument  (telescope  still  pointing  at  the 
last  sight  h)  and  make  the  honzontal  hair  bisect  the  target  by 
turning  the  lower  and  upper  capstan  screws  that  move  the 
cross-hair  ling.     (See  Note^  p.  550.)    The  Ime  of  sight  should 
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now  be  in  the  line  Fm,  Since  the  bubble  was  in  the  center  of 
its  tube  when  the  reading  was  taken  on  h,  and  since  the  telescope 
has  not  been  moved,  it  should  still  be  in  the  center,  and  its  axis 
should  now  be  parallel  to  the  line  of  sight. 

To  correct  by  adjusting  the  buhble-tuhe.  (1)  Compute  e  and 
set  the  target  at  (R^  —  e).  (2)  By  means  of  the  leveling-screws 
incline  the  telescope  until  the  line  of  sight  strikes  m;  this  throws 
the  bubble  out,  but  makes  the  line  of  sight  truly  horizontal. 

(3)  Raise  or  lower  one  end  of  the  bubble-tube  by  tiuming  the 
capstan  nuts  that  hold  it  to  the  telescope  (see  Suggestion  (2), 
p.  596)  until  the  bubble  returns  to  the  center. 

Practical  suggestions: 

1.  In  Fig.  583  the  line  of  sight  to  A  is  inclined  upxvard;  when  it  is  in- 
clined downward  h  falls  below  m,  and  e  must  be  added  to  R  instead  of 
subtracted. 

2.  The  points  ACB  and  F  should  be  approximately  in  a  straight  line. 

3.  It  is  well  to  take  AB  and  FA,  so  that is  some  even  fraction.     For 

'  cm 

Wm       41 

exampie,  if  ^B  =  400  ft.  and  F^  =  10 then ^^-^=?^. 

4.  When  the  level  is  at  C,  several  sets  of  readings  should  be  taken  on  A 
and  B  to  determine  accurately  the  difference  in  elevation  d\. 

6.  If  the  vertical  axis  is  truly  vertical;  but  the  line  of  sight  is  inclined, 
the  latter  generates  a  cone;  the  base  of  which,  represented  oy  o6,  is  hori- 
zontal; hence  all  points  in  the  base,  including  a  and  6,  have  the  same  ele- 
vation. 

6.  After  adjusting  for  the  target  at  m  set  it  fOr  the  correct  reading  at  c. 
This  not  only  serves  as  a  check,  but  also  detects  any  error  in  the  tjiove- 
ment  of  the  object-glass  slide,  since  the  latter  must  be  run  far  out  in  focusing 
on  F  so  close  to  A,  i.e.  the  line  of  motion  must  be  straight  and  parallel 
to  the  axis  of  the  collars. 

7.  The  three  adjustments  of  a  wye-level  having  been  made  in  the  usual 
way,  if  the  level  is  then  tested  by  the  peg  method  it  follows  that:  (1)  There 
is  no  error  in  the  movement  of  the  object-glass.  (2)  The  collars  are  of  the 
same  size.     (3)  That  the  line  of  sight  is  parallel  to  the  axis  of  the  rings 

(4)  That  the  axis  of  the  bubble  is  parallel  to  the  bottom  of  the  wyes. 

8.  If  the  object-glass  slide  is  not  straight  the  engineer  cannot  remedy  it. 
If  the  line  of  motion  is  not  parallel,  on  some  instruments  the  object-glass 
Slide  can  be  adjiLsted  (see  p.  602).  If  the  other  sources  of  error  suggested 
in  (7)  exist,  the  level  may  be  adjusted  by  the  peg  method  and  used  as  a 
dumpy  level. 

9.  In  the  wye-level  and  in  the  transit,  since  the  cross-hairs  have  been 
adjusted  to  meet  certain  conditions,  it  is  better  to  leave  them  as  they  are 
and  to  adjust  the  bubble-tube;   with  the  dumpy  level  it  may  be  otherwise. 

Peg  Adjustment.    Second  Method. 

In  this  method  the  level  is  not  set  up  half-way  between  the 
pegs,  as  in  the  preceding  method,  but  it  is  set  up  first  very  near 
one  stake  and  then  very  near  the  other.  Two  sets  of  readings 
are  thus  obtained,  and  the  true  difference  in  elevation  is  obtained 
by  taking  the  average  of  the  two  differences,  as  in  reciprocal 
leveling.     (See  p.  243.) 
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Test.  (1)  Set  up  near  one  stake  so  that  when  the  nod  10 
held  on  the  stake  the  eye-end  of  the  telescope  will  swing  within 
an  inch  or  two  of  the  face  of  the  rod.  (2)  Read  the  rod  on  this 
stake  with  the  eye  at  the  object-glass,  thus  looking  through  the 
telescope  ^^ wrong  end  to."  (3)  Take  a  reading  on  the  second 
stake  in  the  usual  manner.  The  difference  between  the  first 
two  readings  may  be  called  di.  (4)  Set  up  in  a  similar  position 
near  the  second  stake,  repeat  the  process,  and  obtain  a  second 
difference  d^.  If  d^  and  dz  are  not  equal  the  line  of  sight  Qnd  the 
axis  of  the  bubble  are  not  parallel. 

Correction.    The  error  is  ^(dg— <^i).     Apply  this  to  the  last 

rod-reading,  set  the  target,  and  make  the  adjustment  by  one 

of   the   two   methods    explained  on    page   598,    according   to 

whether  it  is  desired  to  adjust  the  cross-hairs  or  the  bubble-tube. 

Principle  involved.  If  R^  and  R2  are  the  first  two  rod-read- 
ings, R^  and  R^  the  last  two,  and  e  is  the  error,  then  the  true 
difference  in  elevation  is  R^  —  ifi^—e),  and  also   (R^—e^—R^. 

But    R,-iR,-e)  =  iR,-e)-R^    hence    e  =  ^^^— 5ilzi:?^ZJ?i). 

Note  that  i?i  and  R^  are  on  the  first  stake  and  R^  and  R^  are 
on  the  second  stake. 

Remark.  Tne  student  should  draw  a  figure  illustrating  the  above  prin- 
ciple. The  first  method  of  "peg"  adjustment  is  generally  preferred  to 
that  given  here. 

Peg  Adjustment.     Modified  Method. 

When  a  strip  of  nearly  level  ground  can  be  found  the  fol- 
lowing modification  of  the  peg  adjustment  can  be  used  to  ad- 
vantage. (1)  Set  up  exactly  half-way  between  two  pegs, 
300  or  400  ft.  apart  as  in  the  first  method,  but  drive  the  hi^er 
peg  down  until  the  two  tops  are  on  the  same  level,  i.e.,  iJ, 
equals  R.^.  (2)  Set  up  the  instrument  nearly  over  one  peg 
hold  a  leveling-rod  on  the  peg  and  set  the  target  at  the  height 
of  the  cross-hairs  as  in  the  second  method.  (3)  Without  dis- 
turbing the  rod-reading,  point  the  telescope  at  the  target  as 
the  rod  is  held  on  the  other  peg,  and  adjust  the  level  tube 
until  the  bubble  stands  in  the  center.  This  method  avoids 
all  computation  since  the  line  of  sight  has  been  made  parallel 
to  the  top  of  the  pegs  and  is  therefore  horizontal 

584.  Adjustments  of  th«  Dumpy-level.  Principal  linbb. 
Unlike  the  wye-level,  the  telescope  of  the  dumpy  level  cannot 
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be  taken  from  its  wyes,  but  instead  it  is  rigidly  attached  to  two 
uprights  or  standards.  Hence  two  lines  of  the  wye-level  are 
eliminated,  i.e.,  the  axis  of  the  collars  and  the  bottom  of  the 
wyes.  The  other  lines  remain  the  same  as  in  the  wye-level. 
After  making  the  horizontal  hair  truly  horizontal  (see  Note 
on  page  586),  and  testing  the  object-glass  slide  (see  p.  602)  there 
are  only  two  adjustments  to  be  made. 

I.  Adjustment  of  the  cross-hairs  and  the  bubble-tube. 
Object  To  make  the  axis  of  the  bubble  and  the  line  of  sight 
parallel  to  each  other.  Test  and  adjustment.  Exactly  the  same 
as  the  "peg  adjustment"  explained  in  the  preceding  article. 

Practical  svqgestions.  (1)  In  some  dumpy-levels  the  bubble-tube  can- 
not be  adjusted,  hence  the  engineer  has  no  choice,  but  must  adjust  the  cross- 
hairs. In  levels  where  both  the  bubble-tube  and  the  cross-hairs  are  adjust- 
able it  is  better  to  adjust  the  bubble-tube  (second  method  of  correction,  p.  590), 
since  the  cross-hairs  once  placed  in  the  optical  axis  of  the  telescope  are  not 
disturloed  by  this  adjustment.  Many  engineers  prefer  a  dumpy  level  in 
which  the  bubble-tube  is  fixed  (non-adjustable),  since  it  can  then  be  placed 
by  the  maker  once  for  all  parallel  to  the  optical  axis,  and  hence  when  the 
line  of  sight  is  adjusted  it  will  coincide  with  or  be  parallel  to  that  axis. 

II.  Adjustment  of  the  standards.  Object.  To  make  the 
line  of  sight  and  the  axis  of  the  bubble  parallel  to  the  axis  of 

the  level-bar,  and  hence  perpendicular  to  the  vertical  axis. 
Test  and  adjustment.  Exactly  the  same  as  for  the  third  ad- 
justment of  the  wye-level  (see  p.  596),  except  that  in  most  in- 
struments the  screws  for  raising  or  lowering  the  standards  or 
uprights  are  on  the  underside  of  the  level-bar,  and  are  to  be 
turned  with  a  screw-driver. 

Remark.  On  some  dumpy-levels  no  provision  is  made  for  raising  or 
lowering  the  standards,  in  wnich  case  the  order  of  adjustments  is  changed 
to  that  given  below. 

First  adjustment.  To  make  the  axis  of  the  bubble  perpendicular  to  the 
vertical  axis.  Test  and  correction:  Revolve  the  instrument  180°  about 
its  vertical  axis,  as  in  the  third  adjustment  of  the  wye-level,  but  correct 
half  the  error  by  turning  the  capstan  nuts  at  the  end  of  the  level-tube, 
and  the  rest  by  the  thumb-screws  of  the  leveling-head. 

Second  adjustment.  To  make  the  line  of  sight  parallel  t«  the  axis  of  the 
bubble  use  the  peg  method  as  described  for  the  first  adjustment  above, 
but  correct  the  error  by  moving  the  »'ros8-hairs  instead  of  the  level-tube. 
(See  first  method  of  correction,  page  698.) 

585.  Centering  the  Eyepiece:  An  instrument  may  be  in 
good  adjustment  and  still  have  the  intersection  of  the  cross- 
hairs appear  far  out  of  the  center  of  the  field  of  view.  This 
does  not  affect  the  accuracy  of  the  work,  although  it  does  affect 
the  seeing  power  of  the  telescope.  The  inverting  eyepiece  usu- 
ally has  its  inner  end  held  in  place  by  a  ring  which  can  be  moved 
like  the  cross-hair  ring  by  means  of  four  screws,  until  the  inter- 
section of  the  cross-hairs  appears  in  the  center  of  the  field. 
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Praduxd  suggesiuma.  (1)  In  some  instruments  the  screws  have  capstan- 
heads  like  those  that  move  the  cross-hair  ring,  but  they  are  nearer  the  esre- 
endof  the  telescope.  (See  E'E'  in  photograph,  p.  551.)  In  other  instru- 
ments the  screws  are  concealed  under  a  coUar,  which  may  be  easily  un- 
screwed and  slipped  along  the  telescope.  The  screws  can  then  be  turned 
with  a  screw-dnver.  (2)  Centering  the  eyepiece  does  not  affect  any  of  the 
other  adjustments,  but  it  is  best  to  wait  until  they  are  completed  before 
the  centering  is  done.  It  is  not  often  that  the  adjustment  of  the  eyepiece 
is  necessary;    there  is  no  provision  for  it  on  non-erecting  eyepieces. 

586.  Adjustment  of  the  Object-glass  Slide:  .When  an  in- 
strument leaves  the  maker's  hands  the  object-glass  slide  should 
b3  perfectly  straight,  and  its  line  of  motion  should  be  parallel  to 
the  axis  of  the  telescope.  No  further  adjustment  of  the  object- 
glass  sUde  should  be  necessary,  at  least  for  a  long  time.  In 
many  instnunents  no  provision  is  made  for  this  adjustment. 
In  other  instnunents  the  rear  end  of  the  slide  works  through  a 
ring  which  can  be  adjusted  by  foiu*  screws  in  the  same  way  that 
the  ring  which  holds  the  eye  piece  is  moved  (see  CC  in  photo- 
graph, p.  551).  It  is  necessary  first  to  remove  the  bubble-tube 
from  the  telescope  in  order  to  get  at  the  screw  directly  above 
the  tube.  The  ring  is  moved  until  the  test  of  focusing  on  a 
far  point  and  a  near  point  is  satisfactory.     (See  pp.  586,  594.) 

587.  Adjustments  of  the  Compass.  The  adjustments  of 
the  compass  are  four  in  number;  they  affect  the  following  parts: 
I.  Levels.     II.  Sights.     III.  Needle.     IV.  Pivot-point. 

I.  Adjustment  of  the  levels.  Object.  To  make  the  axes 
of,  the  level-bubbles  perpendicular  to  the  vertical  axis. 

Test  ar\d  correction.  Exactly  the  same  as  for  the  similar  ad- 
justment of  the  transit  (p.  584),  except  that  after  bringing  a  bubble 
half-way  back  it  is  brought  the  rest  of  the  way  by  tinning  the 
instrument  on  the  ball-and-socket  joint.  On  some  compasses 
a  leveling-head  Uke  that  on  transits  is  furnished;  then  the  adjust- 
ment is  exactly  the  same. 

II.  Adjustment  of  the  sights.  Object.  To  bring  the  sights 
into  a  vertical  plane. 

Test.  Level  up  and  sight  at  a  suspended  plumb-line,  first 
through  one  of  the  sight  vanes  and  then  through  the  other, 
turning  the  instrument  so  that  each  sight  vane  in  turn  is  nearer 
the  plvunb-line  than  the  other.  If  the  sht  in  either  is  not  ver- 
tical the  bottom  of  the  vane  must  be  refitted  to  the  plate. 

Correction.  Either  file  off  one  side  of  the  bottom  of  the  sight 
vane  or  insert  a  piece  of  paper  under  the  other  side. 

Remark.  Ordinarily  this  adjustment  should  not  be  necessary.  It  ia 
Dot  essential  that  the  plane  of  the  sights  should  be  exactly  in  tne  pl^iift 
M  the  vertical  axis. 
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rn.  Adjustment  op  the  needle.  Object  To  straighten 
the  needle  so  that  its  two  ends  shall  lie  in  the  same  vertical  plane 
with  its  center. 

Test,  Let  the  needle  down  on  its  pivot  and  remove  the  glass 
top;  with  a  small  splinter  of  wood  bring  the  south  end  of  the 
needle  exactly  opposite  some  prominent  graduation  of  the  cir- 
cle, as  the  zero-  or  ninety-degree  mark,  and  read  the  north  end. 
Turn  the  needle  on  its  pivot  end  for  end,  bring  the  north  end 
to  the  graduation-mark  on  the  circle,  and  read  the  south  end. 
If  the  two  readings  do  not  agree  the  needle  is  not  straight. 

Corredion,  Remove  the  needle  from  its  pivot  and  straighten 
it  by  bending  it  in  the  direction  that  will  move  the  south  end 
toward  the  original  reading  of  the  north  end.  The  correction 
should  be  one  half  the  difference  of  the  two  readings;  but  as  this 
must  be  estimated,  the  needle  should  be  replaced  on  the  pivot 
and  the  test  and  correction  repeated  until  the  needle  is  straight. 

Sttggestwna.  (1)  Instead  of  turning  the  needle  on  its  pivot,  the  whole 
instrument  may  4)e  turned  if  preferred  to  bring  each  end  of  the  needle 
m  turn  to  the  same  graduation-mark.  (2)  In  addition  to  the  above  adjust- 
ment it  may  be  necessary  to  bend  the  ends  of  the  needle  slightly  up  or  down, 
so  that  they  shall  lie  in  the  same  plane  as  the  horizontal  circle — or,  better 
still,  a  trifle  above.  If,  however,  this  brings  the  ends  above  or  below 
the  plane  of  the  pivot-point  the  ends  of  the  needle  are  likely  to  be  unsteady. 
Continued  resharpening  of  a  pivot  may  bring  its  point  much  too  low,  when 
the  only  remedy  is  a  new  center-pin. 

rV.  Adjustment  op  the  Pivot-point.  Object.  To  bring 
the  pivot-point  exactly  in  the  center  of  the  graduated  circle. 

Test.  Read  both  ends  of  the  needle  in  various  positions.  If 
for  every  position  of  the  needle  the  readings  for  the  two  ends 
agree,  the  pivot  is  in  the  center;  otherwise  it  must  be  centered. 

Correction.  Find  roughly  the  position  of  the  needle  where 
the  difference  in  the  two  readings  is  the  greatest.  Remove 
the  needle  and  bend  the  pivot  at  right  angles  to  this  direction. 
Replace  the  needle  and  see  if  the  readings  of  the  two  ends  agree. 
Repeat  the  process  until  the  readings  agree  for  any  position  of 
the  needle. 

Suggestions.  (1)  To  bend  the  pivot  apply  the  little  brass  wrench,  or 
the  flat  pliers  usually  furnished  with  the  instrument,  about  one^ghth  of 
an  inch  below  the  top  of  the  pivot.  (2)  This  adjustment  should  be  made 
after  the  needle  has  been  straightened  in  III. 

588.  The  Adjustments  of  the  Pkine-table  are  practically 
the  same  as  some  of  those  already  given  for  the  transit  and 
the  level;  hence  it  is  unnecessary  to  treat  each  one  in  detaiL 
They  may  be  sunamarized  as  follows; 
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I.  The  usvsm.  This  adjustment  is  similar  to  the  second 
step  in  the  second  adjustment  of  the  level  (p.  595).  The  levels 
are  placed  near  the  center  of  the  board  and  reversed,  fwr  the 
test,  by  taking  them  off  and  turning  them  end  for  end  without 
moving  the  board.  The  bubble  is  brought  half-way  back  by 
adjustment,  and  the  rest  of  the  way  by  leveling  the  board.  The 
method  is  the  same  whether  the  levels  are  attached  to  the  ruler 
of  the  alidade  or  are  separate. 

II.  The  upper  surface  op  the  board  should  be  perpen- 
dicular to  the  axis.  Place  the  alidade  on  the  board,  bring  the 
bubble  under  the  telescope  to  the  center,  turn  the  table  through 
180°  without  disturbing  the  alidade,  and  correct  half  the  error 
by  inserting  washers  between  the  board  and  the  arms  that  hold 
it  to  the  tripod-head.  Turn  the  alidade  on  the  board  at  right 
angles  to  its  first  position  and  repeat  the  test. 

III.  The  telescope.  The  line  of  sight  should  be  perpen- 
dicular to  the  supporting  axis,  and  the  supporting  axis  should 
be  parallel  to  the  top  of  the  table.  The  two  adjustments  corre- 
sponding to  these  two  requirements  are  similar  to  the  second 
and  third  adjustments  of  the  transit.     (See  pp.  586-591.) 

Remark,  It  ia  desirable  though  not  essential  to  have  the  line  of  sight 
either  in  the  plane  of  the  edge  of  the  ruler  or  parallel  to  it.  This  may  be 
tested  by  estabhshing  two  points  20  ft.  or  so  away,  one  in  the  line  of  sif^t 
of  the  telescop>c,  the  other  in  the  line  found  by  sighting  alon^  the  edge  of 
the  ruler.  If  these  lines  of  sight  do  not  lie  in  the  same  vertical  plane  or 
in  parallel  planes,  the  telescope  may  be  turned  slightly  by  loosening  the 
screws  which  attach  the  standard  to  the  ruler.  No  error  will  be  introduced 
if  the  above  requirements  are  not  fulfilled,  provided  the  vertical  planes 
through  the  lines  of  sight  remain  at  a  fixed  angle  with  each  other. 

IV.  The  telescope  level.  Same  as  Adjustment  IV  of  the 
transit.     (See  p.  591.) 

V.  The  vertical  circle.  Same  as  Adjustment  V  of  the 
transit.     (See  p.  591.) 

589.  Adjustments  of  the  Sextant.  I.  Adjustment  of 
the  index-glass.  Object,  To  make  the  index-glass  perpen- 
dicular to  the  plane  of  the  graduated  arc. 

Test.  Hold  the  sextant  with  the  arc  away  from  the  body 
and  move  the  vernier  to  a  point  between  the  20*^  and  40*^  marks. 
Hold  the  eye  just  above  the  plane  of  the  arc  and  slightly  to  the 
right  of  the  index-glass.  Look  obliquely  into  the  nght-hand 
side  of  the  glass  in  such  a  way  as  to  see  a  portion  of  the  arc 
both  directly  and  by  reflection  at  the  same  time.  If  the  direct 
and  reflected  portions  do  not  appear  to  form  a  continuous  ciu^-e 
tiie  index-glass  is  not  perpendicular  to  the  plane  of  the  arc; 
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ConecHon,  Change  the  inolinatiou  of  the  glass  by  means 
of  the  screws  at  its  base,  or  by  whatever  means  have  been  pro- 
vided on  that  particular  instrumenti  until  the  above  test  is 
fulfilled.  It  may  be  necessary  to  insert  thin  paper  imder  the 
base.  If  the  reflected  image  is  below  the  are,  the  glass  is  lean- 
ing backward;  if  above,  forward. 

II.  Adjustment  of  the  horizon-glass.  Object,  To  make 
the  horizon-glass  perpendicular  to  the  plane  of  the  graduated 
arc.    This  must  be  done  after  the  index-glass  has  been  adjusted. 

Test.  Point  the  telescope  to  any  well-defined  object  and 
move  the  index-arm  slowly  back  and  forth  over  the  zero  of  the 
graduated  arc.  The  reflected  image  will  be  seen  moving  back 
and  forth;  if  it  passes  exactly  over  the  direct  i^lage  the  two 
mirrors  are  perpendicular  to  the  plane  of  the  are,  otherwise  the 
horizon-glass  should  be  adjusted. 

Correction.  Turn  the  screws  on  the  back  of  the  horizon-glass 
until  the  above  test  is  fulfilled. 

Suggestions.  A  star  is  the  best  object  to  sight  at,  althou^di  the  sun  will 
also  answer  the  purpose.  In  case  the  latter  is  used  it  is  well  to  make  the 
two  images  of  different  colors  by  use  of  the  dass-shades.  A  clear-cut  line 
of  some  terrestrial  object  may  be  used — as,  for  example,  a  vertical  edge  of 
a  tall  cnimney,  half  a  mile  or  more  away.  In  that  case  the  vertical  line 
should  appear  straight  and  unbroken. 

ni.  Adjustment  of  telescope.  Object  To  make  the  line 
of  sight  parallel  to  the  plane  of  the  graduated  arc. 

Test.  Place  the  sextant  face  upward  on  a  table  or  some 
other  firm  and  level  support,  point  the  telescope  at  some  ver- 
tical surface  about  20  ft.  away.  Place  two  objects  of  equal 
height  on  the  extreme  ends  of  the  limb  to  serve  as  temporary 
sights.  Sight  across  the  tops  of  these  objects  and  mark  a  point 
where  the  line  of  sight  strikes  the  vertical  surface.  Near  this 
point  mark  another  point  where  the  line  of  sight  through  the 
telescope  strikes  the  same  surface.  The  difference  in  elevation 
between  these  two  points  should  equal  the  difference  in  eleva- 
tion between  the  axis  of  the  telescope  and  the  line  across  the 
top  of  the  two  temporary  sights,  measured  at  the  sextant;  other- 
wise the  telescope  must  be  adjusted. 

Correction.  Tip  the  ring  or  collar  that  carries  the  telescope 
by  means  of  the  proper  screws  until  the  above  test  is  fulfilled. 

Suggestions.    If  the  temporary  sights  are  made  of  the  same  height  as 
the  telescope  axis  the  two  points  on  the  vertical  surface  should  comcide. 
With  some  instruments  two  peep-sights  are  furnished  for  this  purpose.     A 
discrepancy  of  i  inch  in  20  feet  would  cause  a  ma^ixdMxxi  «rK»t  ^  cscica  X 
second  of  arc. 
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rV.  Index  error.  Object.  To  determine  the  reading  ol 
the  arc  when  the  direct  and  reflected  image  of  an  object  coincide. 

Test.  Bring  the  direct  and  reflected  image  of  a  distant  point 
into  coincidence.  If  the  vernier  does  not  read  zero  the  error  is 
called  the  index  error. 

Correction.  The  error  may  be  corrected  by  turning  the 
horizon-glass  around  an  axis  perpendicular  to  the  plane  of  the 
graduated  arc.  As  this  adjustment  will  not  remain  perfect  it 
is  better  to  determine  the  index  error  from  time  to  time  without 
attempting  to  "adjust  the  glass,  noting  whether  it  should  be 
added  or  subtracted  from  all  angle  readings,  and  then  apply 
it  as  a  corp^tion  for  each  reading  when  measuring  angles. 

Suggestions.  If  the  vernier  ecto  is  to  the  left  of  the  zero  of  the  gradu- 
ated arc  the  index  error  is  mtnti^T— i.e.,  it  must  be  subtracted  from  all  read* 
ings;  if  to  the  right  it  is  phia.  Since  this  index  error  must  be  applied  as  a 
correction  to  every  angle  reading  it  should  be  determined  with  great  care. 
For  terrestrial  measurements  it  will  suffice  to  sight  at  some  distant  Vaa.e. 
as  the  edge  of  a  chinmey.  (See  suggestion,  second  adjustment.)  For 
astronomical  observations  the  error  should  be  determined  with  greater 
accuracy.  For  example,  the  direct  and  reflected  images  of  the  sun  may 
be  brought  externally  tangent  to  each  other  in  each  of  the  two  possible 
positions.  Call-  the  reading  to  the  right  minua^  the  one  to  the  lelt  idta, 
and  algebraically  divide  by  two;  the  result  is  the  mdex  error  with  the  proper 
sign.  For  greater  accuracy,  repeat  the  process  at  least  two  or  three  times 
and  take  the  mean  of  all  the  results.  In  taking  readings  to  the  ni^t  of 
the  eero,  be  careful  to  reverse  mentally  the  numbering  of  the  graduations 
on  tbye  venuer. 


CHAPTER  XLVII 


THE  CARE  OF  INSTRUMENTS  * 

In  the  care  of  instruments  it  is  more  important  to  know  how  to  avoid 
unnecessary  wear  and  tear  than  it  is  to  know  how  to  make  repairs,  though 
the  surveyor  should  be  able  to  do  both.  The  most  important  precautions 
tx)  be  taken  in  the  care  of  instrumente  are  suggested  in  this  chapter.  In 
addition,  directions  are  given  for  cleaning  instruments,  for  repairing  broken 
tapes,  for  replacing  broken  cross-hairs,  for  stopping  the  fretting  of  slides 
and  centers,  and  for  making  such  other  minor  repairs  as  do  not  require 
the  services  of  a  skilled  instrument-maker. 


590.  Precautions.  By  taking  proper  precautions  the 
wear  and  tear  on  instruments  may  be  greatly  reduced,  and  fre- 
quently permanent  injury  to  some  part  of  an  instrument  may 
be  avoided.  "/^  must  be  remembered  that  there  are  mxiny  parts 
of  an  instrum£nt  which,  if  once  impaired,  cannot  be  restored  to 
their  original  efficiency" 

A  FEW  DONTS. 

1.  In  taking  an  instrument  out  of  its  box  do  not  lift  it  by 
the  standards  or  supporting  axis;  place  the  hands  under  the 
plates  or  the  leveling-base.  There  is  no  excuse  for  certain 
makers'  persisting  in  furnishing  a  box  so  constructed  that  it 
is  impossible  to  lift  the  instrument  out  properly. 

2.  Do  not  leave  an  instrument  imguarded  in  a  street,  road, 
or  pasture,  or  in  the  close  vicinity  of  blasting. 

3.  Do  not  expose  an  instnunent  needlessly  to  dust  or  damp- 
ness.    Carry  a  waterproof  hood  for  transits  and  levels. 

4.  Do  not  let  the  compass-needle  swing  needlessly;  always 
lift  it  from  its  pivot  before  starting  to  carry  the  instnunent. 

*  In  this  chapter  the  author  has  quoted  frequently  from  catalogs  of 
instrument-makers,  as  it  is  to  be  presumed  that  such  men  are  well  qualified  to 
give  directions  for  the  care  of  instruments.  Extracts  reproduced  word  for 
word  are  placed  in  quotation-marks;  but  as  it  is  impracticable  to  credit  each 
quotation,  this  method  is  taken  of  acknowledging  the  author's  indebtedness, 
especially  to  the  firms  of  C.  L.  Berger  <&  Sons  and  Young  &  Sons. 

6Q7 
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Every  precaution  should  be  taken  to  guard  the  pivot  and  keep 
it  sharp. 

5.  Do  not  force  screws  or  other  movable  parts  of  an  in- 
strument. 

6.  Do  not  continue  to  use  slides  or  centers  which  are  fretting. 
If  an  instrument  has  met  with  a  fall,  bending  the  centers,  it 
should  not  be  revolved  until  repaired,  lest  still  further  injury  be 
done. 

7.  Do  not  allow  oil  or  grease  to  remain  on  exposed  parts,  for 
it  will  gather  dust. 

8.  Do  not  rub  lenses  with  silk  or  muslin.  Avoid  rubbing  them 
altogether;   use  a  brush  for  removing  dust. 

9.  Do  not  set  an  instrument  on  a  smooth  floor  without  proper 
precautions;  the  tripod-legs  are  apt  to  open  out  and  to  let  the 
instrument  fall. 

10.  Do  not  carry  an  instnunent  on  the  shoulder  through  a 
doorway  or  in  any  place  where  it  is  likely  to  get  bumped. 

11.  Do  not  take  instruments  apart  unnecessarily.  "Even 
when  fittings  are  jjerfect  it  often  requires  care  and  exp>erience 
to  place  them  together  properly.  A  screw  left  loose  or  one 
tightened  too  hard  may  interfere  with  the  correct  working  of 
the  instrument." 

12.  Do  not  let  a  "high"  level  rod  down  on  the  run,  or  lean 
the  rod  against  a  tree,  or  leave  it  in  any  other  position  where  it 
is  likely  to  fall. 

13.  Do  not  pull  on  a  steel  tape  when  there  is  a  kink  in  it, 
or  jerk  it  needlessly,  or  step  on  it  when  it  is  on  soft  ground,  or 
allow  vehicles  to  run  over  it,  or  bend  it  into  sharp  comers. 
If  a  tape  gets  wet  do  not  put  it  away  without  wiping  it  dry. 

14.  In  using  a  plane-table  do  not  start  to  carry  it  imtil  the 
little  compass-box  and  other  accessories  have  been  removed. 

A  FEW  PRECAUTIONS. 

1 .  In  carrying  an  instrument  set  all  clamps  lightly  to  prevent 
needless  wear,  yet  loose  enough  so  that  if  the  parts  are  bumped 
they  will  yield. 

2.  In  carrying  the  transit  or  the  level  a  long  distance,  it  is 
better  to  put  it  in  its  box;  but  be  careful  that  there  is  no  loose* 
ness  in  the  resting-blocks  or  in  any  of  the  part-s  of  the  instni* 
ment  itself. 
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3.  In  packing  an  instrument  for  shipment  it  is  best  to  fill 
in  the  hollow  spaces  with  paper  or  excelsior,  and  to  put  the 
instrument-box  in  another  box  about  an  inch  larger  all  around. 

4.  When  a  telescope  is  not  in  use  keep  the  cap  over  the  lens. 

5.  Keep  the  hands  off  the  vertical  circle  and  other  exposed 
graduations  to  avoid  tarnishing. 

6.  In  case  of  rain  when  there  is  no  waterproof  bag  at  hand, 
turn  the  telescope  object-end  up  with  the  cap  over  the  lens  to 
keep  the  water  out. 

7.  After  an  instrument  has  been  exposed  to  moisture,  wipe 
it  dry  before  putting  it  away. 

8.  ''To  protect  an  instrument  from  the  effects  of  salt  water, 
when  used  near  the  sea-coast,  a  fine  film  of  watch-oil  rubbed 
over  the  exposed  parts  will  often  prevent  the  appearance  of 
oxide.  To  remove  such  oxide-spots  as  well  as  possible,  apply 
some  watch-oil  and  allow  it  to  remain  for  a  few  hours,  then 
rub  dry  with  a  soft  piece  of  linen.  To  preserve  the  outer  appear- 
ance of  an  instrument,  never  use  anything  for  dusting  except  a 
fine  camel's-hair  brush.  To  remove  water  and  dust  spots,  first 
use  the  camel's-hair  brush,  and  then  rub  off  with  fine  watch-oil 
and  wipe  dry;  to  let  the  oil  remain  would  tend  to  accumulate 
dust  on  the  instrument." 

591.  Steel  Tapes.  Care,  Wipe  tapes  clean  and  dry 
after  using.  To  remove  rust,  rub  with  oil  and  fine  sand 
or  emery.  On  the  better  class  of  tapes  use  a  little  mineral  oil 
instead,  as  sand  or  emery  is  likely  to  efface  the  etchings.  Some 
simple  device  for  holding  the  tape  is  useful  when  one  person 
does  the  scouring.  (See  Engineering  News,  March  9,  1899  and 
February  22,  1900.) 

(a)  RivETiNQ  A  BROKEN  TAPE.  One  of  the  best  devices  on 
the  market  for  mending  broken  steel  tapes  is  an  eyelet  tool. 
This  consists  of  a  pimch  for  cutting  holes  in  the  tape  and  a 
set  which  clinches  or  sets  the  eyelets  used  as  rivets.  A  piece 
of  scrap-tape  an  inch  or  two  in  length  is  needed  to  serve  as  a 
splice;  if  possible  this  should  be  of  the  same  width  as  the  broken 
tape,  and  with  the  same  graduations.  Lay  one  end  of  the  tape 
on  the  splice,  taking  care  to  match  the  graduations  if  the  tape 
is  fully  graduated.  Clamping  the  two  pieces  together,  punch  a 
hole  about  half  an  inch  back  from  the  broken  end  and  set  the 
eyelet  or  rivet  as  soon  as  the  hole  is  punched.  Usually  one  addi- 
tional rivet  will  be  needed.     If  the  tape  is  wide  the  two  rivets 
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may  be  set  crosswise;  if  narrow  they  may  be  set  tandpin.  Make 
the  other  broken  end  of  the  tape  butt  against  the  end  already 
fastened  to  the  splice  and  rivet  it  in  the  same  manner.  After 
riveting;  cut  away  a  portion  of  the  original  tape  at  the  splice 
by  filing  a  notch  crosswise  close  to  the  rivets  on  each  side  of  the 
joint;  slip  a  knife  under  and  break  off  the  ends  at  the  file-mario. 
Unless  this  is  done  the  tape  is  apt  to  break  again  at  the  ^Uee. 
In  a  similar  manner  the  ends  of  the  splice-piece  may  be  cut  off 
close  to  the  last  rivets.  The  splice  should  not  be  leas  thaa 
three  fourths  of  an  inch  long.  In  mending  a  heavy  iMpe  the 
above  method  must  be  modified  by  punching  one  thickness  at 
a  time.  Punch  one  piece,  and  then  clamping  it  to  the  other 
punch  the  second  piece  throu^  the  holes  already  made  in  the 
first.  For  thick  tapes  solid  copper  rivets  fastened  with  a  ham- 
mer may  be  used  in  place  of  eyelets. 

(b)  Soldering  a  broken  tape.  Another  good  method  of 
mending  a  tape  is  to  wrap  a  small  strip  of  copper  around  the 
broken  joint  and  to  fasten  it  with  soft  solder.  The  outfit  required 
consists  of  a  small  soldering-iron  or  a  blowpipe,  some  flux  and 
solder,  small  flat-nosed  pliers,  a  small  flat  file  and  a  piece  of 
emery  cloth. 

Clean  the  broken  ends  with  the  emery  cloth  imtil  the  surfaces 
are  bright,  moisten  with  flux,  melt  a  small  piece  of  sender, 
spread  it  on  both  sides  of  the  tape,  and  wipe  the  solder  with  a 
piece  of  cloth  while  the  tape  is  still  hot.  Both  of  the  broken 
ends  having  been  tinned  in  this  way,  clean  one  side  of  the  cop- 
per strip  with  the  emery  cloth  and  give  it  a  similar  coating. 
Bring  the  broken  ends  in  perfect  contact,  put  on  the  copper 
sleeve,  slowly  heat,  and  when  the  solder  is  hot  enou^  to  run 
clamp  the  joint  with  the  pliers  for  a  moment.  When  cool  trim 
the  copper  sleeve,  filing  off  any  solder  that  may  r^nain  on  the 
outside,  and  polish  the  joint  with  the  emery  cloth. 

Suggestions.  Fhix  may  be  made  by  putting  zinc  into  mariatic  acid,  and 
when  the  bubbles  cease  to  rise,  adding  all  the  sal-ammoniac  that  the  acid 
will  dissolve.  Stick-flux,  or  prepared  flux,  such  as  electrician^  use,  is 
more  convenient  to  carry  in  the  fleld.  Resin  is  also  used.  (2)  If  the  wmk 
lias  to  be  done  in  the  field,  as  ia  often  the  case,  the  method  may  be  modi- 
fied as  follows:  Cut  a  strip  of  tin  about  i  inch  to  |  inch  wide  (a  peee  from 
an  old  tin  akn  will  answer  the  purpose),  and  of  such  a  length  tnat  it  wiB 
reach  aroimd  the  tape  to  be  mended,  and  just  about  meet  on  the  flat  aide — 
not  the  edge.  Using  one  end  of  the  tape  as  a  "form,"  bend  the  strip  into 
a  sleeve,  insert  the  broken  ends  of  the  tape  until  by  measuring  between 
graduation-marks  they  are  known  to  be  in  perfect  contact,  damp  the  sleeve 
tii^tly  about  the  tape  with  the  pliers,  heat  the  joint,  and  put  soflleMnt 
flux  on  to  run  under  the  sleeve.  Hold  the  solder  on  until  it  has  mdted 
and  run  under  and  about  the  sleeve,  then  allow  it  to  cool  without  mov^ 
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ment  of  the  ends  of  the  tape.  A  number  of  sleeves  may  be  made  in  advance; 
and  these,  together  with  solder,  stick-flux,  a  candle  for  heating  the  tape, 
a  small  flat  nle,  and  a  pair  of  pliers,  form  an  outfit  which  can  be  earned 
in  the  pocket.  Tapes  can  be  mended  in  this  manner  in  a  few  minutes  and 
will  stand  all  a  man  can  pull.  (3)  Sleeves  should  not  be  more  than,  say,  | 
inch  wide.  If  the  break  is  a  long  one  use  a  piece  of  old  tape  and  two  sleeves. 
Too  long  a  sleeve  interferes  with  the  pliability  of  the  tape. 

(c)  Emergency  repairs.  There  are  several  methods  of 
mending  a  broken  tape  in  the  field  when  no  outfit  for  riveting 
or  soldering  is  at  hand. 

The  stick-splice.  A  chain  tape  may  be  spliced  temporarily 
as  follows:  Secure  a  round  stick  about  4  in.  long  and  i  in. 
in  diameter,  and  split  it  lengthwise,  making  two  half-round 
pieces.  Across  the  flat  side  of  one  of  these  pieces  and  equidis- 
tant from  the  two  ends  cut  two  notches  about  }  in»  apart,  i  in. 
deep,  and  at  right  angles  to  the  axis  of  the  stick.  Bend  I  in. 
of  each  of  the  broken  ends  of  the  tape  at  right  angles  to  fit  the 
notches  in  the  stick,  taking  care  that  when  these  ends  are  in- 
serted in  the  notches  the  graduations  shall  be  the  proper  distance 
apart.  Complete  the  splice  by  placing  the  other  half-round  stick 
with  its  flat  side  against  the  tape  to  hold  the  ends  in  place,  and 
binding  the  two  halves  together  with  stout  string  so  that  they 
are  almost  as  they  were  before  the  stick  was  split.  Trim  each 
end  of  the  stick  to  slope  like  a  sharpened  pencil,  so  that  it  will 
not  catch  in  the  brush.  Such  a  splice,  made  in  a  few  minutes^ 
will  frequently  last  several  days,  or  until  more  permanent  repairs 
can  be  made. 

Rough  riveting.  Tapes  may  be  roughly  riveted  as  follows: 
Drive  a  darning-needle  through  a  thick  piece  of  wood,  allowing 
each  end  to  project.  The  needle,  supported  by  the  wood  through- 
out most  of  its  length,  may  then  be  used  as  a  punch.  The  broken 
ends  of  the  tape  may  be  riveted  to  the  splice-piece  with  large 
pins  cut  off  and  hammered  down,  or  they  may  be  laced  together 
with  fine  wire;  the  lacing  should  be  continued  until  the  holes 
are  filled  with  the  wire,  and  then  it  should  be  smoothed  and 
pressed  down  with  pliers  or  with  two  blocks  of  wood.  Tapping 
the  wire  with  a  hammer  is  likely  to  break  the  tape. 

592.  Lubricants.  Watch-oil,  vaseline,  and  rendered  mar- 
row are  all  used  for  lubricating  different  parts  of  surveying 
instruments.  For  most  purposes  watch-oil  is  the  best.  (See 
Care  of  Centers,  p.  618,  for  the  advantages  and  disadvan- 
tages of  different  lubricants.)  The  tendency  is  to  use  lubri- 
cants too  freely.    As  a  rule  any  part  which  has   been  oiled 
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should  be  wiped  off  clean;  enough  oil  will  remain  after  an  effort 
has  been  made  to  remove  it.  No  part  exposed  to  the  dust 
should  be  greased.  Before  applying  oil  make  sure  that  all  dust 
or  foreign  matter  has  been  removed  from  the  part  to  be  oiled. 

593.  To  Clean  Screws  and  Screw-holes.  Screws 
may  be  washed  in  soap  and  water  applied  with  a  stiff  4ooth- 
brushy  then  oiled  and  wiped  clean.  The  inside  of  nuts  and  other 
threaded  holes  may  be  cleaned  by  screwing  through  the  hole 
a  piece  of  soft  wood  with  two  sides  thinned  down,  applying  a 
little  oil  and  removing  it  in  the  same  manner.  Unless  the  oil 
or  grease  is  almost  wholly  removed  the  screw-threads  are  likdy 
to  be  injm^d  by  dust  adhering  to  the  screw. 

594.  Verniers  and  Graduated  Arcs.  The  first  rule  in 
cleaning  graduated  arcs  is  to  avoid  rubbing  the  edge  of  the 
graduations.  Every  precaution  should  be  taken  to  protect 
the  edges,  for  if  they  become  worn  or  injured  the  value  of  the 
entire  instrument  is  greatly  lessened.  "To  remove  dirt  and 
oxide  that  may  have  accumulated  on  the  surface  of  a  solid  silver 
graduation,  apply  some  fine  watch-oil  and  allow  it  to  remain 
for  a  few  hours;  take  a  soft  piece  of  hnen  and  rub  lightly 
imtil  dry,  but  without  touching  the  edge  of  the  graduation.  If 
after  cleaning  the  soHd  silver  surface  should  show  alternately 
brighter  spots,  which  would  interfere  somewhat  with  the  accu- 
rate reading  of  the  graduation,  barely  moisten  the  finger  with 
vaseUne  and  apply  the  same  to  the  surface;  then  wipe  the 
finger  dry  and  hghtly  rub  it  once  or  twice  around  the  gradu- 
ation. Avoid  touching  the  edges  as  much  as  po.ssible.  Such 
cleaning,  however,  must  be  resorted  to  only  when  absolutely 
necessary,  and  then  only  with  the  greatest  care,  as  it  is  apt  to 
reduce  the  minuteness  of  the  graduation  and  to  spoil  its  fine 
appearance.  If  after  such  cleaning  dirt  and  grease  have  accu- 
mulated on  the  inner  edge  of  the  graduation  and  verniers,  gently 
wipe  clean  before  restoring  the  vemier-plate  to  place."  Before 
applying  oil  or  vaseline  to  graduations  brush  all  dust  from  the 
surface  with  a  camel's-hair  brush.  Scouring  the  surface  with 
any  form  of  silver  polish  may  seriously  injure  the  graduations. 

595.  Compass- needles.  To  balance  the  needle.  If  the 
needle  is  only  a  trifle  out  do  not  meddle  with  it,  as  there  is  dan- 
ger of  doing  more  harm  than  good;  but  if  the  compass-needle 
requires  to  be  balanced,  proceed  as  follows:  Remove  the  glass 
cover  by  imscrewing  the  ring  which  holds  it,  or  in  some  instru- 
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mentSy  by  gently  prying  off  the  ring  with  a  knife  where  the 
two  ends  come  together.  Raise  the  needle  off  its  pivot  by  the 
lifter  and  remove  it  with  a  pair  of  tweezers.  Shift  the  weight- 
coil  slightly  and  replace  the  needle  on  the  lifter,  then  use  the 
latter  to  lower  it  to  place.  If  the  needle  is  removed  directly 
from  the  pivot  or  replaced  without  using  the  lifter,  the  delicate 
pivot-point  is  apt  to  be  injured.  It  is  not  always  necessary  to 
remove  the  compass-glass  entirely.  Frequently,  by  means  of 
beeswax  sUghtly  softened,  the  glass  may  be  lifted  (after  the 
ring  has  been  removed)  just  enough  to  take  out  the  needle. 

To  straighten  the  needle      (See  page  603.) 

To  remagnetize  the  needle.  This  should  not  often  be  necessary. 
It  may  be  done  as  explained  on  page  295. 

596.  Level  Bubbles  and  Tubes.  It  frequently  hap- 
pens that  the  glass  tube  of  a  spirit-level  becomes  loose  in  its 
brass  tube,  or  is  broken  and  has  to  be  replaced.  Extra  tubes 
are  often  provided  with  the  instrument.  "Upon  finding  that 
the  adjustment  of  a  spirit-level  in  an  even  temperature  is  not 
as  stable  as  desirable,  the  level  fastenings,  tube,  screws,  etc., 
should  be  examined,  to  see  if  any  of  them  are  loose.  If  the 
trouble  is  in  the  screws,  tighten  them,  but  if  the  spirit- 
level  can  be  shifted  in  its  tube  by  a  touch  of  the  finger,  take  it 
apart;  soften  the  plaster  of  Paris  in  water,  and  remove  it  with 
a  sharp-pointed  stick  of  wood.  Cautiously  move  the  spirit- 
level  with  your  finger,  at  first  only  a  trifle  to  and  fro,  increasing 
the  length  of  stroke  little  by  little,  until  it  can  be  safely  taken 
out  without  breaking; — clean  thoroughly.  Cut  pieces  of  white 
paper,  of  the  width  of  the  radius  of  the  tube,  and  somewhat 
shorter  than  the  length  of  the  spirit-level,  but  longer  than  the 
opening  in  the  brass  tube,  and  insert  these  in  sufficient  quantity 
at  the  bottom  of  the  brass  tube,  to  fill  up  the  space  intervening 
between  the  glass  and  the  brass  tube.  The  uppermost  layer  of 
paper  should,  however,  be  so  wide,  as  to  envelop  the  spirit- 
level  up  to  the  opening  in  the  brass  tube.  Now  insert  the  spirit- 
level,  taking  care  not  to  touch  the  glass  ends  that  are  sealed, 
and  place  the  division  or  other  marks,  indicating  where  the 
level  has  been  ground  to  a  true  curvature,  uppermost  in  the 
brass  tube.  The  level  must  be  pushed  in  with  sufficient  friction 
to  prevent  slipping  in  the  tube,  yet  not  so  tight  as  to  cause  a 
crack  at  a  subsequent  low  temperature,  as  brass  will  contract 
more  than  glass.     No  part  of  the  spirit-level  should  touch  any 
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part  of  the  metal  tube.    Now  prepare  some  plaster  of  Paris 
with  water,  of  the  consistency  of  paste,  and  pour  in  at  each  end 
enough  to  fill  up  the  space  between  the  end-pieces  and  the  glasB^ 
stirring  it  sufficiently  to  make  a  perfect  contact  by  it  and  tiie 
glass  and  the  brass,  but  leaving  the  spirit-level  ends  exposed. 
Now  put  the  level  together  and  adjust  as  described  elsewhere." 
597.  Telescope,     (a)  Care  of  lenses.     ''The  lenses  oi  a 
telescope  should  not  be  cleaned  too  often.    Too  frequent  wip- 
ings  will  scratch  the  glass  and  injure  the  polish,  which  is  more 
injurious  than  a  little  speck  of  dirt.     When  it  becomes  necessaiy 
to  clean  the  glass,  take  a  soft,  dry  piece  of  chamois-skin  or  an  old 
piece  of  linen  which  by  repeated  washing  has  become  soft.     K 
the  glass  is  very  dirty  use  a  Uttle  alcohol,  but  be  careful  not 
to  touch  the  mounting  of  the  lens,  as  the  alcohol  dissolves  the 
lacquer.     Dirt  on  the  eyepiece  espe^ncUly  on  the  field-lens,  is  far 
more  objectionable  than  on  the  objective;    hence  the  former 
requires  more  frequent  cleaning.     Small  scratches  and  bubbles 
in  the  objective  have  no  seriously  injurious  effect,  as  they  only 
take  up  a  very  small  portion  of  light."*    Sometimes  a  film 
settles  between  the  crown  and  ffint  glasses  of  the  objective. 
If  this  film  is  simply  moisture  it  can  be  evaporated  usually  by 
placing  the  telescope  in  the  sun  or  in  a  warm  room  some  dis- 
tance from  a  stove.     Sometimes  it  is  advisable  to  remove  the 
eyepiece  and  to  let  the  telescope  stand  with  a  cloth  over  the  open 
end,  in  order  that  the  moisture  on  the  inside  may  evaporate  more 
rapidly.     If,  however,  the  haziness  is  caused  by  a  network  of 
small  cracks  in  the  cement  between  the  two  glasses,  or  if  it 
cannot  be  removed  by  evaporation,  the  telescope  should  be 
sent  to  the  maker  or  to  an  expert.     Do  not  unscrew  the  lens 
of  the  objective  if  it  can  be  avoided.    Small  specks  of  dust  or 
lint  should  be  brushed  from  the  glass  with  a  camel's-hau-  brush. 
The  glass  next  to  the  eye,  especially  in  high  powers,  frequently 
becomes  dimmed  from  moisture  of  the  eyelash.     It  should  seldom 
be  necessary  to  wipe  the  inside  of  glasses  that  are  protected;  but 
if  the  objects  seem  dim  and  the  outside  surfaces  of  the  lenses 
seem  clean,  remove  the  eye  piece  and  look  through  it.  If  it  is  not 
clear,  examine  the  inner  end;  ver>  Ukely  the  surface  of  the  lens 
most  remote  from  the  eye  needs  cleaning.     While  the  eyepiece 
is  out  look  through  the  telescope  to  see  if  the  object-glass  is 
clear. 


*From  the  catalogue  of  the  Bausch,  Lomb,  Saegmuller  Co. 
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(h)  Care  op  the.  focusing  sudes.  Both  the  eyepiece  and 
the  objective  should  move  freely  for  focusing.  If  dust  or  grit 
causes  either  to  fret,  deep  scratches  are  likely  to  be  cut  in  the 
soft  metal;  hence  the  slide  should  be  attended  to  as  soon  as 
possible  after  it  begins  to  fret.  '^Once  commencing  to  fret  it 
grows  worse  rapidly,  and  oftentimes  is  then  beyond  repairing. 
Never  use  emery  or  emery-paper  on  slides  as  this  will  cause 
serious  trouble  afterward.  After  a  thorough  cleaning  of  the 
shde  and  tube  (taking  care  not  to  break  the  cross-wires), 
endeavor  to  smooth  carefully  the  injured  parts  with  the  back 
of  a  pen-knife,  and  apply  barely  enough  tallow  to  grease  the 
surface  of  the  injured  part.  If  this  does  not  remove  the  trouble, 
a  little  scraping  of  the  roughened  parts  on  the  slide,  and,  if 
accessible,  on  the  inside  of  the  tube,  may  become  necessary; 
then  apply  a  mere  trifle  of  finely  powdered  pumice-stone  moist- 
ened with  oil.  Replace  the  slide  and  gnnd  a  little  by  moving  it  in 
and  out;  clean  thoroughly,  and  with  a  piece  of  charcoal  moistened 
with  oil  smooth  the  parts  thus  ground  on  the  slide.  This  process 
of  grinding  is  a  most  precarious  operation,  and  generally  requires 
the  hand  of  a  skillful  workman;  it  should  be  resorted  to  only 
in  case  of  the  utmost  necessity.  Whenever  permissible,  recourse 
should  be  had  to  a  maker.  These  remarks  apply  equally  to  the 
centers." 

*'To  prevent  the  focusing  slide  from  fretting,  which  is  usually 
due  to  the  rush  of  air  carrying  in  dust  and  grit  when  the  sb'de  is 
being  run  out  and  is  causing  momentarily  a  rarefied  space,  wrap  a 
piece  of  chamois-skin  over  the  barrel  in  tht  shape  of  a  tubular 
form  and  fasten  by  means  of  rubber  bands  or  by  sewing.  In  an 
emergency  fine  watch-oil  may  be  used  to  grease  the  slide  should 
it  continue  to  fret,  until  the  instrument  can  be  sent  to  the 
maker.  In  case  of  rain  during  non-use,  place  the  telescope 
vertical,  object  end  up,  and  no  water  can  enter  the  telescope." 

"If  the  focusing  slide  seems  to  work  too  hard,  everything  else 
being  right,  it  is  generally  caused  by  the  lubricant  on  the  pinion 
hardening  in  cold  weather,  and  the  same  cause  may  also  make 
the  focusing  slide  work  too  freely  in  hot  weather  by  soften- 
ing, i.e.,  the  slide  will  not  stay  in  place  when  in  a  vertical  position. 
If  the  slide  moves  too  freely  it  should  be  tightened  by  running 
out  the  slide  to  its  full  length,  then  applying  a  screw-driver  to 
the  screw  on  top  of  the  focusing  screw  and  turning  a  very  small 
part  of  a  turn  until  the  required  friction  is  obtained.     If  the 
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slide  works  too  tightly  nin  in  the  slide,  unscrew  the  top  screw 
one  turn,  gently  tap  it  by  the  screw-driver  handle  to  release  it| 
and  then  tighten  to  the  required  stiffness." 

"A  great  deal  of  annoyance  is  caused  to  the  engineer  if  the  eye- 
piece or  the  object-slide  of  the  telescope  moves  too  freely  in 
its  tube,  requiring  a  refocusing  of  the  cross-wires  and  object 
at  every  revolution  of  the  telescope  in  altitude.  If  the  eye- 
piece can  be  retained  in  its  socket,  with  sufficient  friction  to 
keep  it  focused  to  the  cross-wires,  no  matter  how  much  it  may 
wabble  otherwise,  this  imperfection  (in  old  instruments)  will 
not  lead  to  any  inaccuracy;  but  if  there  is  not  sufficient  friction 
to  keep  it  focused  to  the  wires,  a  little  rendered  tallow  or  mar- 
row applied  to  its  bearing-surfaces  in  most  cases  will  remedy 
this  evil.  Wabbling  in  the  object-slide,  however,  leading  to 
inaccuracy  of  collimation,  or  back-lash  in  it-s  rack  and  pinion 
motion,  can  be  remedied  only  by  a  maker;  but  if  the  db^ecir 
slide  moves  too  freely  in  and  out  of  its  tube  only,  this  may  be 
remedied  by  applying  a  little  tallow  to  the  bearing-parts  of 
the  rack  and  pinion,  or  by  tightening  the  screw  in  the  pinion- 
head.  If  not  entirely  successful,  a  thin  disk  made  of  parch- 
ment, or  a  thin  leather-washer,  both  greased  with  tallow  and 
inserted  between  the  flanges  of  the  pinion-head  and  its  socket, 
will  insure  the  desired  result.*' 

Whenever  it  becomes  necessary  to  remove  the  object-glass 
slide,  a  test  should  be  made  for  the  line  of  collimation  after  it 
is  replaced.     (See  p.  602.) 

(c)  Replacing  broken  cross-hairs.  The  whole  process  of 
replacing  broken  cross-hairs  is  very  easy,  and  can  be  carried 
out  in  less  time  almost  than  is  required  to  explain  it.  (1)  Take 
the  cross-hair  ring  out  of  the  telescope  and  clean  it.  The  fine 
scratches  which  indicate  where  the  cross-hairs  are  to  go  should 
be  plainly  visible  after  the  old  shellac  and  other  foreign  matter 
have  been  removed  from  the  surface.  Lay  the  ring  on  a  flat 
surface,  marked  side  uppermost.  (See  p.  551.)  (2)  Procure  a 
clean,  fine,  opaque  spider-web  and  stretch  it  across  the  ring 
so  that  it  coincides  with  two  of  the  opposite  scratches.  Fasten 
one  end  with  a  drop  of  shellac,  wait  for  this  to  harden,  then, 
making  sure  that  the  hair  is  stret<jhed  tight,  fasten  the  other 
hair  in  a  similar  manner.  Allow  the  shellac  to  harden  for  several 
minutes,  cut  off  the  two  ends  of  the  web,  and  then  proceed  in 
the  same  manner  to  replace  the  other  web  if  that  too  is  broken. 
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SvggMtions.  (1)  In  many  telescopes  it  is  neeessarv  to  remove  the  eye- 
piece ring  in  order  to  take  out  the  cross-hair  ring.  (2)  In  removing  the  cross- 
hair ring  proceed  as  follows:  Take  out  first  the  two  tide  capstan  aorews 
that  hold  the  ring  in  place,  and  loosen  sliqhtlj/  the  other  two  screws.  Tunj 
the  ring  at  right  angles  to  its  usual  position  so  that  one  of  the  holes  from 
which  a  screw  has  been  removed  is  toward  the  eye-end  of  the  telescope. 
Sharpen  a  piece  of  soft  wood  to  fit  the  hole  and  screw  it  in  lightly  until 
it  passes  through  both  boles.  Remove  the  top  and  bottom  capstan  screws 
and  take  the  ring  out  on  the  end  of  the  stick.  Leave  the  stick  in  the  ring 
to  serve  as  a  handle  while  replacing  the  cross-hairs,  and  then  use  it  after- 
ward in  putting;  the  ring  back  in  the  telescope.  (3)  There  are  two  wftya 
of  procuring  spider-webs — from  the  spider's  nest  or  cocoon  and  from  the 
spider  itself.  The  best  spider- threads  are  those  of  which  the  soider  makes 
its  nest.  These  nests  are  vellowish  brown  balls,  which  may  be  found  hang- 
ing on  shrubs,  etc.,  in  the  late  fall  or  early  winter.  The  nest  should  be  torn 
open  and  the  eggs  removed;  if  this  is  not  done  the  young  spiders  when 
hatched  will  eat  the  threads.  The  fibers  next  to  the  eggs  are  to  be  pre- 
ferred on  account  of  their  fineness  and  darker  color.  One  or  two  ooooona 
may  be  kept  on  hand,  and  if  desired  they  may  be  wrapped  in  a  bit  of  paper 
andcarried  in  the  pocket,  where  they  are  always  ready.  From  the  spider's 
cocoon  select  two  or  three  webs,  each  about  two  inches  long  and  of  the 
same  appearance.  Attach  each  end  of  these  webs  to  a  bit  of  woqq  or  wa^ 
to  act  as  weights,  and  immerse  them  in  water  five  or  ten  minutes.  Remove 
one  web  from  the  water,  and  very  gently  pass  it  between  the  fore-finger 
and  thumb  nails,  holding  it  vertically  to  remove  any  particles  of  moisture 
or  dirt.  Then  stretch  it  across  the  ring  as  already  explained.  The  little 
weights  should  be  about  as  heavy  as  the  hair  will  support  in  order  to  stretch 
it  tight,  and  before  dropping  the  shellac  on  either  end  examine  the  hair 
with  a  magnifyin  15- glass  to  see  if  it  eiactly  coincides  with  the  scratch;  if 
it  does  not,  move  it  gently  with  a  knife-pomt.  If  the  ring  is  placed  nearly 
on  a  level  with  the  eye  and  between  it  and  the  source  of  light  (as  4  window)t 
the  spider-web  will  glisten  and  become  plainly  visible;  otherwise  it  is  sope- 
timee  difiioult  to  see  it.  (4)  When  a  cocoon  cannot  be  procured,  a  spider 
can  usually  be  found.  Cut  a  forked  stick  five  or  six  inches  long,  get  the 
spider  on  the  end  of  one  of  the  prongs  and  gently  shake  him  oflf.  He 
will  usually  begin  to  spin  a  web,  and,  as  he  spins,  wind  the  web  uround 
the  fork  in  such  a  way  that  no  two  strands  will  be  close  together.  If  the 
fork  is  pressed  together  a  very  little  during  the  winding  it  will  stretch 
the  webs  when  released.  When  one  strand  is  laid  across  the  ring  the 
forked  stick  will  act  as  a  weight  to  stretch  it  tight. 

(d)  To  REMOVE  DT7ST  FBOM  cHogs-HAiRS.  Take  put  the  eye- 
piece or  object-glass  (or  both  if  necessary)  and  blow  gently 
through  the  tube.  Cover  up  both  ends  and  wait  a  few  minutes 
before  putting  back  the  eyepiece  or  object-glass.  If  the  object' 
glass  is  removed,  a  teat  should  be  made  for  the  line  of  collima- 
tiou  (see  p.  602.)  Unless  the  small  particles  of  dust  ape  on  suob 
a  part  of  the  web  as  to  interfere  with  its  use  it  is  preferable  to 
allow  them  to  remain. 

598.  Care  of  Tripod/i.  "I^egs  of  tripods,  if  fitting  too 
loose  or  too  tight,  and  dull  shoes  are  frequent  sources  of  falls. 
The  test  of  the  proper  degree  of  tightness  of  the  legs  is  this, 
that  if  the  leg  is  raised  to  a  horizontal  position  and  left  free,  it 
should  gradually  sink  to  the  ground.  If  it  drops  abruptly  it 
is  too  loose;  if  it  does  not  sink  it  is  too  tight."  The  nuts  will 
need  adjustment  after  a  period  of  dry  or  damp  weather  op  after 
the  tripod  ha9  been  kept  in  the  <ky  atmpsphepQ  of  a  room,    Th^ 
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steel  shoes  will  loosen  from  wear  and  tear  unless  the  screws  are 
tightened  from  time  to  time.  Keep  them  somewhat  sharp,  for  the 
greater  the  hold  on  the  ground  and  the  more  carefully  the  aciews 
are  ti^tened,  the  steadier  the  instrument.  When  the  tripod 
becomes  wet  wipe  dry  and  renew  the  varnish  whenever  neoeasaiy. 

599.  Care  of  Centers,  Spindles,  and  Sockets.  These 
should  be  cleaned  and  oiled  occasionaUy,  the  oil  being  wiped 
off  with  a  soft  cloth  or  chamois-skin.  The  outer  spindle  of  a 
transit  will  need  more  attention  than  the  inner  spindle,  and 
the  two  plates  should  not  be  taken  apart  unless  it  is  necessary. 
So  long  as  centers  work  freely  it  is  best  not  to  disturb  them. 

"The  centers  of  a  transit  should  always  be  lubricated  with 
fine  watch-oil  only,  and  after  a  careful  cleaning;  never  apply 
fresh  oil  before  thoroughly  wiping  off  old  grit  and  oiL  Rend^ed 
marrow  is  a  most  excellent  lubricant  for  instruments  made  (A 
brass  and  the  many  kindred  alloys  of  copper  and  tin.  In  the 
varying  climes  of  our  northern  latitudes  this  lubricant  becomes 
rigid  in  cold  weather,  and  an  instrument  so  treated  will  often 
become  unmanageable  in  the  field.  Its  application,  particu- 
larly to  the  centers  of  a  transit,  is  therefore  restricted  to  tne 
warmer  zones.  The  use  of  watch-oil  for  the  finer  parts  of  an 
instrument,  involving  freedom  of  motion,  is  imperative  in  our 
latitudes." 

"Many  parts  of  an  instrument,  especially  those  whose  metal 
compositions  are  closely  related  to  each  other,  may  sometimes 
cause  trouble  if  simply  oiled.  If  they  begin  to  fret  and  grind, 
but  are  otherwise  free  from  grit,  etc.,  the  judicious  application 
of  a  little  marrow  may  prove  very  beneficial,  but  it  should  be 
cleaned  off  again  as  much  as  possible.  The  rack  and  pinion 
motion  and  the  telescope  clamp  should  always  be  greased  with 
marrow,  but  the  clamp-,  tangent-,  and  leveling-screws  should 
receive  as  little  of  it  as  possible  in  the  Northern  States." 

"Vaseline,  not  having  as  great  a  tendency  to  rigidity  under 
similar  circumstances,  may  prove  an  excellent  substitute  for 
marrow,  and  may  often  be  applied  to  level-centers,  where  watch* 
oil  would  not  give  the  necessary  rigidity  in  the  use  of  the  more 
ordinary  instruments,  but  it  must  be  renewed  quite  often.  In 
the  finer  class  of  leveling  instruments,  the  centers  should  be 
lubricated  with  oil  only,  as  in  transits." 

Sockets  may  be  cleaned  with  a  stick  of  about  the  same  taper, 
aivund  which  wash-leatber,  soaked  Vn  ovl^bas  been  wiappec^ 
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the  final  cleaning  being  done  with  fresh  pieces  of  the  leather 
wUhont  the  oiL 

(a)  "Fretting  of  centers  should  be  treated  in  the  same  way 
as  fretting  of  the  slide  to  the  telescope.  If  unable  to  stop  it, 
temporary  relief  may  be  found  on  placmg  between  the  shoulders 
of  the  centers  a  washer  of  thin  paper  or  thin  card.  There  will 
then  be  a  shake  in  the  center,  but  this  is  a  lesser  evil  than  the 
entire  loss  of  the  use  of  the  instrument.'' 
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DETERMINATION  OF  A  MERIDIAN  BY  SOLAR  OBSERVATION 

In  this  appendix  three  methods  of  determining  a  meridian  are  ezpL 
viz.:  (1)  Method  of  single  altitude  by  direct  observation  on  the  sun. 
Method  involving  the  use  of  the  solar  attachment.  (3)  Method  of 
altitudes  of  the  sun  or  of  a  star.  In  each  case  the  method  of  proo 
is  given  in  detail,  so  that  it  may  be  easily  followed  by  any  one  who  is  aocus- 
tomed  to  the  use  of  surveying  instruments  and  whc  has  a  knowledge  of 
spherical  trigonometry.  Ail  three  methods,  however,  will  be  understood 
better  if  studied  in  connection  with  a  course  in  field  aitronomsr.  Qq  page  632 
two  conmion  and  very  simple  methods  of  determining  latitudes  are  oat- 
lined.  

600.  The  Astronomical  Triangle.  When  the  sun  is 
the  only  heavenly  body  observed,  the  celestial  sphere  may 
be  considered  to  have  a  radius  equal  in  length  to  the  Higf^n^^ff 

CNoon) 
M 


CelesQal 
Pole 


H     E 
(East) 


R 
(Sunrise) 


Fig.  600. 

from  the  earth  to  the  sun.     If  the  axis  of  the  earth  is  produced 
indefinitely  it  will  intersect  the  celestial  sphere  in  a  point  called 
1      celestial  pole  represented  by  P  in  Fig.  600*    If  a  line  from 
620 
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the  center  of  the  earth  through  any  point  on  its  surface  ib  pro* 
duced  indefinitely  it  will  pierce  the  celestial  sphere  in  ths 
zenith  for  that  point,  and  hence  observers  at  different  points 
will  have  different  zeniths,  but  the  celestial  pole  is  the  same 
for  all.  If  in  Fig.  600,  Z  is  the  zenith  for  an  observer  at  O 
then  the  circle  S"ENW  is  the  horizon.  The  arc  EBDW  rep- 
resents the  celestial  equator,  cut  from  the  celestial  sphere  by  a 
plane  passed  through  the  equator  of  the  earth.  In  the  northern 
hemisphere  the  sun  is  always  north  of  the  equator  (between 
it  and  the  pole)  from  March  21  to  September  21,  and  always  south 
of  it  between  September  21  and  March  21.  The  angular  distanee 
from  the  equator  to  the  sun  at  any  given  moment  is  the  sun's 
decHnoHon  for  that  moment,  positive  if  north,  negaiive  if  soxUh. 
Thus  if  the  sun  is  at  iS  in  Fig.  600,  the  decL'nation  north  (or  posi^ 
tive)  is  the  arc  BS;  if  the  sun  were  at  S'  the  declination  south 
(or  negative)  is  BS\  The  great  circle  S^ZPN,  etc.,  is  the 
meridian  for  the  pdnt  on  the  earth's  surface  for  which  Z  is  the 
zenith.  For  any  given  day  the  sun  appears  to  moye  in  a  circle 
which  is  approximately  parallel  to  the  equator.  Thus  for  the 
particular  day  represented  in  the  figure  the  sun  rose  at  R  is  npw 
at  S,  at  noon  it  will  be  at  M,  and  wiU  set  at  Q.  (Suppose  that 
the  day  is  in  May.  Will  the  apparent  path  of  the  sun  on  the 
following  day  be  nearer  or  farther  from  the  celestial  equator? 
Does  the  apparent  path  of  the  sun  ever  ccHodde  approximately 
with  the  celestial  equator?) 

Remark.  It  is  important  to  fix  in  mind  the  algeforaic  signs  corresponding 
to  north  and  south  declinations,  vi^s.,  north  +.  south  —  • 

The  spherical  triangle  ZPS  is  called  the  astronomical  triangle. 
For  any  given  point  on  the  earth's  surface  the  ade  ZP  is  always 
the  same,  but  the  other  two  sides  are  always  changing,  ZS 
depending  upon  the  time  of  day  (or  altitude  of  sim)  and  P8  on 
the  time  of  year  and  day  (or  declination  <^  eun). 

ZP=90<*- Latitude; 
ZiS=90<*- Altitude; 
P5  «  90°  -  Dechnation. 

The  altitude  HS  can  be  measured^  the  declination  BS  can 
be  ascertained  from  the  Nautical  Almanac,  and  if  the  latitu4e  PN 
of  the  place  of  observation  is  known  the  astronomical  trian^ 
can  be  solved  for  the  an^e  BZP.  This  angle  is  the  aa^olQir 
distance  at  the  sun  from  th<^  Tn^-rJdian  ^t-  th&  Uim  of  the  9b$eth 
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vation;  hence  if  a  transit  is  at  0  and  is  pointed  at  the  sun,  the 
angular  distance  of  the  line  of  sight  from  the  north  can  be 
found,  for  it  is  equal  to  NOH,  equal  to  the  computed  an^  SZP. 
When  this  angular  distance  has  been  determined  it  is  a  simple 
matter  to  convert  it  into  bearing  or  azimuth.  (S€»  p.  378) 
The  line  of  sight  to  the  sun  may  now  be  used  as  a  reference  fine 
for  calculating  the  bearing  of  other  lines^  or,  if  desired,  a  meridian 
may  be  established  by  turning  off  the  bearing  (or  azimuth) 
right  or  left  as  the  case  may  be. 

It  is  evident  that  the  astronomical  triangle  can  be  used  to 
determine  other  quantities.  For  example,  the  three  sides  being 
known  as  above,  the  angle  ZPS  (called  the  hour  angle)  can  be 
computed;  this  is  the  angular  distance  of  the  sun  from  the 
meridian  and  is  easily  converted  into  time  of  day.  From  this 
the  longitude  can  be  found  by  comparing  with  Greenwich  time. 
Likewise  if  the  time  of  observation  (hoiu*  angle  ZPS)  and  the 
Sim's  declination  are  known  and  the  altitude  is  measured,  the 
side  ZP  may  be  computed,  and  hence  the  latitude  PN  of  the 
place  of  observation  ascertained. 

Quettion.    What  arc  in  Fi^.  600  corresponds  to  the  time  of  dayt 

601.  The  5un's  Declination  is  continually  chan^mg  at 
rates  varying  from  about  zero  seconds  per  hour  on  June  22 
and  December  22,  to  almost  one  minute  of  arc  per  hour  on 
March  22  and  September  22.  In  two  of  the  methods  discussed 
in  this  appendix  the  declination  is  required  at  the  time  of  the 
observation.  In  the  American  Ephemeris  and  Nautical  Almanac^ 
published  by  the  Bureau  of  Equipment,  U.  S.  Navy  Department, 
the  apparent  declination  of  the  sun  is  given  for  every  day  in 
the  year  at  the  instant  of  Greenwich  Mean  Noon.  The  rate  of 
change  or  difference  for  one  hour  is  also  given,  so  that  if  the 
number  of  hours  that  have  elapsed  from  Greenwich  Mean  Noon 
to  the  time  of  observation  is  known,  the  change  in  declination 
is  easily  computed  and  applied  as  a  correction  to  the  declination 
given  in  the  almanac. 

(a)  Standard  time.  In  the  United  States  watches  are  usually  set  to 
keep  "standard  time."  There  are  four  time  belts.  The  eastern  belt  ex- 
tends from  the  Atlantic  Ocean  to  an  irregular  line  drawn  from  Detroit,  Mich., 
to  Charleston,  S.  C;  the  central  belt  from  the  last-named  line  to  an  irregu- 
lar line  drawn  from  Bismarck,  N.  D.,  to  the  mouth  of  the  Rio  Grande; 
the  mourUain  belt  from  the  last-named  line  to  the  western  bound&ry  <^ 
Montana,  Idaho^  Utah,  and  Arizona;  the  fjoesteiH  bdt  trom  the  last-named 
line  to  the  Pacific  coast.  The  difference  in  time  between  adjoining  sections 
is  one  hour.    The  time  in  the  eastern  belt  is  that  of  the  t5th  meridiana 
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i.e.,  it  is  noon  (standard  time)  in  this  belt  5  hours  after  it  is  noon  at  Green- 
wich; in  the  central  belt  the  time  is  that  of  the  90th  meridian,  or  6  hours 
slow;  in  the  mountain  belt  the  time  is  that  of  the  105th,  or  7  hours  slow;  in 
the  western  belt  the  time  is  that  of  the  120th  meridian,  or  8  hours  slow. 
The  true  local  time  at  any  place  will  be  faster  or  slower  than  standard  (or 
watch)  time  as  the  place  is  east  or  west  of  the  time  meridian.  Thus  the 
true  local  time  at  Boston,  Mass.,  is  about  16  minutes  faster  than  standard 
time,  while  at  Buffalo,  N.  Y.,  it  is  about  16  minutes  slower^  th^  75th  meridian 
being  approximately  half-way  between  those  two  cities.  Local  and  standard 
time  nearly  agree  at  Denver,  Colo.,  as  Denver  is  almost  on  the  105th  meridian. 

(6)  To  look  up  the  declination.  (1)  Add  to  the  standard 
(or  watch-time)  of  the  observation  5,  6,  7,  or  8  hours,  according 
to  the  time  belt  in  which  the  place  of  observation  is  located. 
The  result  is  the  Greenwich  time  of  observation.  (Since  obser- 
vations in  the  U.  S.  should  not  be  taken  before  8  a.m.,  the  Green- 
wich time  of  observation  will  be  at  least  an  hour  past  noon.) 
(2)  Look  up  the  sun's  apparent  declination  at  Greenwich  Mean 
Noon  for  the  month  and  day  of  the  observation.  (3)  To  this  declin- 
ation add  algebraically  a  correction  for  the  change  in  declination 
between  Greenwich  Mean  Noon  and  the  Greenwich  time  of 
observation.  This  correction  is  found  by  multiplying  the  differ- 
ence for  one  hour  given  in  the  table  by  the  Greenwich  time 
(in  hours)  of  the  observation. 

Illustration.    The  time  of  an  observation  at  New  Haven,  Conn.,  was, 
;cording  to  the  watch,  9.30  a.m.  on  May  20,   1907,  hence  the  Greenwich 
time  was  230  p.m.  on  the  same  day.     The  sun's  apparent  declination  as 


according  to  the  watch,  9.30  a.m.  on  May  20,   1907,  hence  the  Greenwich 

lay.     Tl  _ .  - 

given  in  the  almanac  for  Greenwich  Mean  Noon  on  May  20  is+ 19°  47'  38."  1 


and  the  change  per  hour  is  +32. "05,  hence  the  declination  at  the  time  of 
the  observation  or  2.30  p.m.  Greenwich  time  was  (2^X32.06)  4- 19°  47'  38."1»<» 
+  19°48'58."2. 

Illustration.  The  time  of  an  observation  at  Chicago,  111,,  was  230  p.m., 
Oct.  15,  1907,  hence  the  Greenwich  time  was  830  p.m. 

The  sun's  apparent  declination  for  Greenwich  Mean  Noon  Oct.  15  was 
—  8°  11'  29.5",  and  the  change  per  hour—  56.83'",  hence  the  declination  at 
the  time  of  the  observation  (830  p.m.  Greenwich  time)  was  ( —  56".83  X8.6)  + 
( -8°  11'  29.5")=  -8°  19'  24.1". 

602.  Refraction.  On  account  of  refraction  the  sun  ap- 
pears to  be  higher  than  it  really  is.  Hence  all  vertical  angles 
found  by  sighting  at  the  sun  should  be  reduced  by  subtract- 
ing the  correction  for  refraction.  It  will  be  seen  from  the 
following  table  that  the  nearer  the  sun  is  to  the  horizon  the 
greater  the  correction  for  refraction.  Below  say  20  or  30°  the 
correction  for  refraction  is  very  uncertain,  and  hence  any  obser- 
vations depending  principally  upon  a  single  altitude  of  the  sun 
should  be  taken  only  after  the  sun  is  from  20  to  30®  above  the 
horizon.  The  correction  for  refraction  varies  with  the  tem- 
perature, height  of  barometer,  etc.  The  following  mean  values 
for  a  temperature  of  50°  F.  and  barometer  reading  of  29.9  inches 
are  taken  from  Hayford's  Geodetic  Astronomy. 
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MEAN  REFRACTION  CORRECTIONS. 


titude. 

Correction. 

Altitude. 

Correction. 

Altitude. 

Correction 

0° 

34'  08" 

16° 

3'  20" 

40° 

1'  00^ 

5° 

y  52" 

17° 

3'  08" 

45° 

0*  58" 

10° 

6'  19" 

18° 

2'  57" 

50° 

C  49" 

11° 

4'  51" 

19° 

2^  48" 

55° 

or  40" 

12° 

4'  27" 

20° 

2^  39" 

60° 

or  34" 

13° 

4'  07" 

25° 

2'  04" 

70° 

or  21" 

14° 

3'  49" 

30° 

1'  41" 

80° 

0'  10" 

13° 

3'  34" 

35° 

1'  23" 

90° 

C    0" 

603.  Determination  of  the  Meridian  by  the  Sun's 
Altitude.  This  method  may  be  divided  into  two  parts: 
(1)  The  observation  or  the  measurement  of  the  sun's  distance 
above  the  horizon.  (2)  The  computation  or  the  solution  of 
the  spherical  triangle  to  find  the  angle  SZP  (see  p.  620). 

(a)  Method  of  procedure  for  the  observation.  (1)  Set 
up  the  transit  over  some  point  M,  and  \^ith  verniers  set  at  zero 
backsight  on  some  point  X.  The  line  MX  may  be  any  con- 
venient line,  the  object  of  the  observation  bemg  to  find  the 
true  azimuth  of  some  line  of  reference,  thus  establishing  in- 
directly the  direction  of  a  true  meridian. 

(2)  Loosen  the  upper  clamp  and  foresight  on  the  sim,  bringing 
its  image  tangent  to  the  cross-hairs  in  the  lower  left-hand  quad- 
rant as  shown  in  Fig.  603.  Read  and  record  the  horizontal  and 
vertical  angles  and  note  the  time  of  the  observation. 

(3)  Loosen  the  upper  clamp,  plunge  the  telescope  and  again 
foresight  on  the  sim,  but  this  time  bring  the  image  tangent  to 


Fig.  603. 


Fio.  603  a. 


the  cross-hairs  in  the  upper  right-hand  quadrant  as  shown  in 
Fig.  603  (o).  Read  and  record  the  horizontal  and  vertical  angles, 
and  note  the  time  of  the  observation. 

The  mean  horizontal  angle,  the  mean  vertical  angle,  and  the 
mean  time  of  observation  as  found  from  the  results  obtained  in 
steps  (1)  and  (2)  will  be  used  in  computation  as  explained 
farther  on. 
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Practical  sttggestums.  (1)  If  observations  are  taken  too  early  in  the 
morning  (before  the  sun  reaches  an  altitude  of  at  least  20  to  30°)  the  cor- 
rection for  refraction  will  be  large  and  uncertain,  Wiiile  if  they  are  taken 
too  near  noon  the  altitude  of  the  sun  is  changing  too  slowly  and  the  astrono- 
mical triangle  becomes  poorly  proportioned  for  definite  results.  Hence 
the  best  time  of  day  for  obasrvations  is  from  8  to  10  a.m.  or  from  2  to 
4  P.M.;  they  should  never  be  taken  within  an  hour  of  noon.  (2)  In  deter- 
mining the  meridian  for  any  survey  it  is  well  to  set  up  over  a  regular  sta- 
tion and  backsight  on  some  other  distant  station,  thus  making  the  refer- 
ence line  MN  coincide  with  one  of  the  main  lines  of  the  survey.  (3)  In 
setting  up,  level  the  instrument  with  great  care,  using  the  level  under  the 
telescope  for  the  final  test  in  at  least  two  positions  at  ri^t  angles  to  each 
other.  Of  course,  the  instrument  should  De  in  good  adjustment.  If  the 
vernier  of  the  vertical  circle  is  not  adjustable  do  not  forget  to  record  the 
amount  and  sign  of  the  index  error  (see  p.  98).  (4)  The  object  in  sight- 
ing at  the  sun  twice,  once  with  the  telescope  normal  and  once  witli  it  re- 
versed, is  to  eliminate  instrumental  errors.  The  object  in  bringing  the 
cross-hairs  tangent  to  the  sun's  image  first  in  one  quadrant  and  tlitn  in  the 
opposite  quadrant  is  to  avoid  the  error  which  might  occur  in  attempting 
to  sight  directly  at  the  sun's  center  as  judged  by  the  eye.  Of  course  the 
time  between  the  two  observations  should  be  as  short  as  possible,  yet 
tiiere  is  no  need  of  undue  haste.  No  appreciable  error  will  occur  if  the 
pointings  are  not  more  than,  say,  two  or  three  minutes  apart.  (5)  As  a 
further  precaution  both  the  A  and  B  verniers  on  the  limb  may  be  read  to 
eliminate  errors  of  eccentricity,  as  is  done  in  triangulation.  (See  p.  195). 
Likewise  if  there  are  two  verniers  on  the  vertical  circle  the  two  readings 
may  be  noted.  (6)  Prismatic  eyepieces  with  colored  shades  are  furnished 
with  transits  for  use  in  solar  observations.  If  no  such  eyepiece  is  at  hand 
and  the  telescope  has  an  erecting  eyepiece,  proceed  as  follows:  Point  the 
telescope  approximately  at  the  sun,  hold  a  white  card  three  or  four  inches 
behind  the  eyepiece,  and  draw  the  latter  out  until  the  image  of  the  sun 
and  the  cross-hairs  are  both  sharply  focused  on  the  card.  The  image 
may  then  be  brought  tangent  to  the  wires  almost  as  accurately  as  if  the 
observer  were  lookmg  through  the  telescope.  If,  however,  the  sun  is  high, 
the  limb  of  the  transit  may  interfere  with  holding  the  card  in  this  manner. 
If  the  eyepiece  is  non-erecting  the  card  method  cannot  be  used,  and  hence 
a  prismatic  eyepiece  is  essential.  (7)  The  maximum  error  in  determining 
an  azimuth  by  the  altitude  of  the  sun  should  not  exceed  three  minutes, 
and  under  favorable  conditions  it  should  not  exceed  one  minute.  By  taking 
several  sets  of  observations  both  morning  and  afternoon  the  error  can  be 
reduced  still  more. 

(6)  Modified  method.  If  the  transit  does  not  have  a  vertical 
circle,  or  if  for  any  other  reason  it  is  not  feasible  to  take  two 
sights,  direct  and  indirect,  proceed  as  before,  omitting  the  second 
sight.  The  altitude  as  observed  in  (1)  must  be  corrected  for 
the  sun's  semi-diameter,  i.e.,  subtract  16'  of  arc  if  the  horizontal 
hair  was  made  tangent  to  the  upper  edge  of  the  sun.  The  com- 
puted azimuth  must  then  be  corrected  by  the  quantity  16'  X  secant 
of  altitude,  i.e.,  sun's  seti'-diameter  divided  by  cosine  of  altitude. 

Remark.  The  angle  subtended  by  the  sun's  semi-diameter  varies  from 
15'  45"  about  July  1,  to  16'  18"  about  January  1. 

(c)  Method  of  procedure  for  computations.  (1)  Find 
the  mean  value  of  the  observed  altitudes.  Look  up  in  the 
table  on  page  624  the  correction  for  refraction  which  corre- 
sponds to  the  mean  altitude  and  subtract  it  from  the  mean 
altitude.    Correct  the  result  for  the  index  error  if  there  is  any 


626  DETERMINATION  OF  A  MERIDIAN 

such  error.     (St,,   'niggestion  (3),  p.  625).    Call  the  final  cor- 
rected mean  altitude  . 

Remark.  If  the  highest  accuracy  is  desired  the  altitude  should  be  eor- 
rected  also  for  parallax,  'ue.,  the  angle  between  a  line  from  the  sun  to  the 
center  of  the  earth  and  a  line  from  the  sun  to  the  point  on  the  earth's 
surface  where  the  observation  is  made.  As  this  correction  never  exceeds 
0  seconds  of  arc  it  may  be  ignored  in  obflervationa  made  with  transits  read- 
ing to  minutes. 

(2)  Find  the  sun's  declination  for  the  day  and  hour  of  the 
observation  as  explained  on  page    623. 

(3)  Subtract  the  final  corrected  declination  of  the  sun  from 
90°,  thus  getting  the  polar  distance  p  of  the  sun  at  the  time 
of  the  observation. 

(4)  The  latitude,  the  polar  distance,  and  the  corrected  mean 
altitude  being  known,  the  angle  Z  of  the  spherical  triangle  can 
be  foimd  by  spherical  trigonometry,  using  any  one  of  several 
formulas.     Either  of  the  following  formulas  is  recommended; 

/i= corrected  mean  altitude;    p= polar  distance  of  the  sun; 
L= latitude  of  the  observer  and  S—i(h-hL+p). 

i^^WEM^E^,    .  .  .  (1) 

11       C08S  C08(S  —  p)  ^    ' 

Another  formula: 

1  r,    ^  IcoSiS  cos  (iS  — p)  .^. 

cosiZ  =  \ 11, (2) 

^      cos  L  cos  h  ^  ' 

(5)  The  angle  Z  found  from  either  of  the  above  formulas  is 
the  angular  distance  of  the  sun  east  or  west  of  the  meridian, 
or  it  is  equal  to  the  angvloar  distance  of  the  line  of  sight  to  the 
center  of  the  sim  measiu^d  from  the  north  point.  For  example, 
in  Fig.  600,  p.  620,  the  angle  Z^SZP  is  measured  by  the  arc  NH 
equal  to  the  angle  NOH,  i.e.,  the  horizontal  angle  that  a  line 
of  sight  from  the  place  of  observation  0  to  the  sun  S  makes 
with  a  north  and  south  line  ON.  This  angular  distance  Z = NOH 
may  easily  be  converted  into  azimuth  or  bearing  as  explained 
on  page  378. 

Remark.  In  astronomical  work  azimuths  are  measured  from  the  south, 
and  hence  the  left-hand  members  of  equations  (1)  and  (2)  are  frequently 
given  as  cot  ^Z  and  sin  \Z  respectively.  In  that  cas?  Z  is  equal  to  the 
angular  distance  of  the  sun  measured  from  the  south.^ 

Questions.     Assume  azimuths  to  be  measured  clockwise  from  the  north  and 
the  value  of  Z  to  be  found  from  formulas  (I)  and  (2).     (1)    If  the  altitude 
of  the  Hun  is  found  from  a  morning  observation  is  the  corresdonding  valu!> 
of  7  equal  to  the  czimu'h  of  the  lins  of  siiht  to  the  sun?     (2)  If  the  alti- 
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tude  is  found  from  an  afternoon  observation  is  Z  equal  to  the  azimuth? 
Assuming  azimuths  to  be  measured  clockwise  from  the  south  and  Z  to  be 
found  from  the  cotangent  or  sine  instead  of  from  the  tangent  or  cosine, 
answer  the  same  questions  (1)  and  (2). 

(d)  EXAMPLE     ILLUSTRATING     SINGLE     ALTITUDE     METHOD. 
Record  of  Observations,  Feb.  21,  1907,  New  Haven,  Conn. 


Tele- 
scope. 

Horizontal  Angles. 

Vertical 
Angles. 

Time. 

Sun. 

Vernier  A. 

Vernier  B. 

^ 

Nor. 

38*»  07'  40" 

38**  08'  20" 

22°  34'  30" 

8h.  57  m.  30  s. 

ii. 

Inv. 

38«  33'  60" 

38*»  34'  10" 

22°  36'  0" 

9  h.  02  m.  30  s. 

^     Mean 

38*»  20'  45" 

38°  21'  15" 

22°  35'  15" 

9h.    0  m.    Os. 

Computation 

2  h.  0  m.  0  8.    =  (9-0-0)  +  (5-0-0)  =  Greenwich  mean  time  of  observationt 
—    10°  52'     ()"■«  Apparent  dechnation  at  Greenwich  mean  noon. 
+  1 '  48"  =  -I-  54"  X  2 = correction  for  2  hours . 


10°  50'  12"  =  Apparent  declination  at  time  of  observation. 
22°  33'      0"  =  A  =  22°  35'  15"-2'  15"  (ref.)  =  corrected  altitude. 

41°  18'  36"  =  Z/  =  Latitude  of  place  of  observation. 

100°  50'  12"  =  p=[90°-(-10°  50'  12")  =  polar  distance. 


164°  41'  48"  =  25. 

82°  20'  54"  =5 

41°  02'  18"=S-i: 

59°  47'  54"  =  S-A 

18°  29'  18"=iS-p 


I. 


CO-lo^  COS  S 

log  sin  S  —  L 
loR  sin  &  —  h 


=  0.875658 
=9.817277 
=9.936645 


co-log  cos  5 -p= 0.023014 


log  tan  \  Z 


210.652594 
0.326297 


64°  44'  40"  =  iZ 

129°  29'   20"  =  Z=azimuth  of  sun  from  the  north. 
-  38°  21'     0"  =  Angle  between  sun  and  AfiV. 

91°  08'  20"  =  Azimuth  of  WN  from  the  north. 

604.  The  Solar  Attachment,  frequently  used  in  con- 
nection with  an  engineer's  transit,  is  a  device  for  determining 
a  true  meridian  by  an  observation  on  the  sun.  Its  use  is  based 
on  the  same  general  principles  involved  in  the  method  of  the 
preceding  article,  except  that  instead  of  solving  the  astronomical 
triangle  by  spherical  trigonometry  the  instrument  is  made  to 
solve  it  graphically,  so  that  at  the  end  of  the  observation  the 
line  of  sight  through  the  transit  telescope  lies  in  the  true  meridian. 
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Two  of  the  forms  of  solar  attachments  in  commcm  uae  are  ex« 
plained  below;   all  forms  are  alike  in  principle. 

(a)  The  burt  solar  attachment.  The  solar  attachment 
shown  in  Fig.  604  (a)  is  essentially  the  solar  apparatus  of  Buit 
(see  p.  576)  placed  upon  the  cross-bar  of  an  ordinary  transit. 
The  principal  parts  are:  (1)  The  arm  AB,  which  has  a  small 
lens  at  A  and  a  small  silver  disk  at  B;  (2)  the  polar  dxis  and 
(3)  the  declination  are  marked  in  the  cut;  (4)  the  hour  circle 
marked  with  Roman  niunerals.  The  httle  framework  carrying 
the  arm  AB  and  the  declination  arc  is  free  to  revolve  about  the 
polar  axis.  The  observation  on  the  sun  is  made  by  bringing 
the  image  of  the  sun  formed  by  the  lens  into  a  square  ruled  on 
the  silver  disk.  A  shutter  at  A  is  moved  over  the  lens  when 
the  sun  is  very  bright,  otherwise  it  is  difficult  to  tell  when  the 
image  is  exactly  centered  in  the  square;  when  the  sun  is  duU 
the  shutter  is  moved  back,  leaving  the  clear  lens.  When  the 
declination  is  south  (sim  below  the  equator)  the  arm  AB  is 
reversed  or  turned  end  for  end  from  the  position  shown  in  the 
cut;  for  this  position  there  is  a  lens  at  B  and  a  silver  disk  at  A. 

Attention  is  called  to  the  following  facts;* 

1.  If  the  telescope  is  pointed  north  and  depressed  until  the 
reading  on  the  vertical  circle  is  equal  to  the  co-latitude  of  the 
place  where  the  transit  stands,  the  polar  axis  will  be  parallel 
to  the  axis  of  the  earth,  and  may  be  said  to  point  to  the  celestial 
pole. 

2.  If  when  the  telescope  is  in  the  above  position  the  line  AB 
were  made  parallel  to  the  telescope  it  could  be  directed  to  the 
sun  by  merely  turning  the  arm  about  the  polar  axis,  provided 
the  sun  were  in  the  celestial  equator.  The  sun,  however,  is  in  this 
equator  only  twice  during  the  year.  Suppose  that  for  a  given 
day  its  declination  is  17°  north,  i.e.,  it  may  be  considered  to 
move  in  a  circle  approximately  parallel  to  the  equator  but  17° 
north  of  it.  (See  p.  620.)  Then  if  the  end  A  is  raised  imtil 
the  declination  arc  reaches  17°,  as  shown  in  the  engraving, 
the  line  AB  could  be  directed  approximately  to  the  sun  at  any 
time  during  the  day  by  merely  revolving  the  arm  about  the 
polar  axis,  provided  the  polar  axis  is  kept  staiionary  and  pointing 
to  the  pole.  If  the  sun's  declination  were  17°  south  the  only 
difference  would  be  that  the  line  from  B  to  A  should  be  directed 


] 


*  Written  for  olM«rv»tipii9  in  the  northern  hemisphere. 
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downward  instead  of  upward,  and  this  is  accomplished  by  turn- 
ing the  arm  end  for  end. 

3.  Assuming  that  a  transit  in  good  adjustment  is  properly 
leveled  up,  it  is  evident  from  the  above  that  if  the  polar  axis 
is  inclined  at  an  angle  to  the  vertical  equal  to  the  co-latitude, 
and  if  the  decimation  arc  is  set  to  read  the  declination  of  the 
sun  at  the  time  of  the  observation,  then  the  line  AB  cannot  he 
directed  to  the  sun  unless  the  polar  axis  points  to  the  pole  (thus 
bringing  the  line  of  sight  of  the  telescope  into  the  true  meridian). 
This  is  the  fimdamental  principle  of  the  solar  attachment. 

Method  of  procedure  in  determining  a  meridian  with  the  Burt 
solar  attachment, 

(1)  Set  up  over  some  convenient  point  M  leveling  up  roughly. 

(2)  Look  up  the  declination  for  the  day  and  hour  of  the 
observation.     (See  p.  623.) 

(3)  Correct  the  result  in  (2)  for  refraction  as  explained  in 
suggestion  (2)  below. 

(4)  Set  off  on  the  declination  arc  the  final  value  of  the  declina- 
tion as  obtained  in  (3).  Note  that  the  arm  AB  should  be  re- 
versed from  the  position  shown  in  Fig.  604  (a),  p.  629,  if  the  sun's 
declination  is  south. 

(5)  Level  up  very  carefully,  using  the  telescope  level  in  at 
least  two  positions  at  right  angles  for  the  final  test.  Notice 
if  the  verniers  on  the  vertical  circle  read  zero  when  the  tele- 
scope is  level;  if  not,  either  adjust  them  so  that  they  will  or 
note  the  amount  and  sign  of  the  index  error. 

(6)  Set  the  verniers  of  the  horizontal  limb  at  zero,  but  leave 
the  lower  clamp  loose  so  that  both  plates,  clamped  together, 
can  turn  freely.  With  one  hand  turn  these  two  plates  (and 
telescope),  and  with  the  other  hand  turn  the  arm  of  the  solar 
attachment  imtil  the  image  of  the  sim  is  in  the  ruled  square 
on  the  disk.  Tighten  the  lower  clamp,  and  bring  the  image 
exactly  in  the  center  (as  seen  through  a  magnifying-glass)  by 
turning  the  lower  tangent-screw,  and  if  necessary  turning  also 
the  arm  of  the  solar  attachment.  The  line  of  sight  is  now  in 
the  true  meridian  and  the  plate  zeroes  should  read  zero. 

(7)  Loosen  the  upper-plate  clamp  and  sight  at  N  the  other 
end  of  a  reference  line  MX.  The  azimuth  of  the  line  MX  is 
the  angle  turned  off,  i.e.,  the  reading  on  the  limb.  If  desired 
a  meridian  MO  may  be  established  before  the  upper-plate  clamp 
is  loosened  by  lining  in  a  point  0  on  the  ground. 
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Praetieal  augoestioru*  (1)  Many  of  the  suggestions  on  page  625  apply 
equally  well  to  the  use  of  the  solar  attachment,  especially  that  pertaining 
to  the  best  time  for  observations.  (2)  In  correcting  the  declination 
for  refraction  in  step  (3)  that  table  on  page  649  should  be  used  which 
most  nearly  corresponds  to  the  latitude  the  observer.  Note  the  time  of 
observation  in  hours  before  or  after  noon,  and  opposite  this  number  in 
the  table  tind  the  correction  in  the  column  corresponding  most  nearly  to 
the  declination.  Notice  that  if  the  declination  is  north  (  +  )  the  correction 
is  to  be  added  while  if  it  is  south  (  — )  it  is  to  be  subtracted,  or,  if  given 
the  proper  sign,  the  correction  is  always  added  algebraically  (Northern 
hemisphere).  (3)  When  the  image  has  been  centered  in  the  ruled  square  it 
will  at  once  move  out,  but  if  no  mistake  has  been  made  it  may  be  kept 
approximately  in  the  square  by  simply  revolving  the  solar  attachment 
about  the  polar  axis.  If  it  is  necessary  to  disturb  the  main  part  of  the 
transit  it  shows  that  the  polar  axis  is  not  pointing  exactly  at  the  pole  or 
that  some  mistake  was  made  in  setting  off  the  declination.  (4)  When  the 
observation  is  completed  the  pointer  which  moves  around  the  hour  circle 
should  indicate  approximately  the  time  of  the  observation.  (5)  The  image 
should  be  examined  through  a  magnifying-glass  during  the  final  steps  of 
the  observation.  It  is  said  that  an  error  of  one-quarter  of  a  minute  in  azi- 
muth or  latitude  can  be  detected  by  thus  observing  the  sun's  image;  but. 
nevertheless,  the  instrument  under  the  best  of  conditions  cannot  be  relied 
upon  to  give  as  accurate  results  as  may  be  obtained  by  the  direct  method 
of  observation,  page  624.  (6)  If  at  the  end  of  step  (6)  the  plate  verniers 
do  not  read  zero  it  is  Ukely  that  the  wrong  tangent-screw  has  been  turned: 
but  no  harm  aas  been  done,  as  the  reading  can  be  noted  and  subtracted 
from  the  final  reading  when  sighting  at  N, 


(6)  The  Saegmuller  solar  attachment  is  in  many  respects 
superior  to  the  Burt  attachment.  In  place  of  the  arm  carry- 
ing the  lens  and  silver  disk,  there  is  a  small  auxiliary  telescope 
with  a  prismatic  eyepiece  through  which  the  sun  may  be  ob- 
served directly.  The  declination  arc  is  usually  omitted,  and 
in  its  place  a  spirit-level  is  attached  to  the  auxiliary  telescope 
to  aid  in  setting  off  the  declination  as  explained  below.  The 
method  of  procedure  is  so  similar  to  that  just  explained  for  the 
Burt  attachment  that  only  a  brief  outline  is  given. 

Method  of  procedure  for  determining  a  true  meridian  with  the 
SaegmuUer  solar  aitachment.  (1)  Find  the  final  corrected  value 
for  the  sun's  declination  at  the  time  of  observation.  (See 
step  (2)  and  (3)  for  the  Burt  attachment,  p.  630.) 

(2)  Having  leveled  up  carefully  over  some  point  M  and  noted 
whether  there  is  any  index  error  as  in  step  (5),  p.  630,  back  sight 
on  some  point  N,  Point  the  smaller  telescope  on  the  same 
backsight,  thus  bringing  both  telescopes  into  the  same  vertical 
plane. 

(3)  Incline  the  larger  telescope  until  the  reading  on  the  ver- 
tical circle  is  equal  to  the  corrected  value  of  the  sun's  decUnation 
found  in  (1).  If  this  declination  is  north  depress  the  object- 
glass  end  of  the  telescope;  if  south  elevate  it.  Without  dis- 
turbing the  larger  telescope,  bring  the  smaller  telescope  to  a 
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horizontal  position  by  means  of  lis  leveL    The  angle  betwean 
the  two  telescopes  is  now  equal  to  the  sun's  declination. 

(4)  Without  distm-bing  the  relative  positions  of  the  two 
telescopes  unclamp  the  vertical  circle  and  set  it  to  the  co-lati- 
tude of  the  place  of  observation,  making  the  object-glass  end 
of  the  telescope  the  higher. 

(5)  Unclamp  the  upper  horizontal  plate,  turn  it  (and  the  larger 
telescope)  around  the  vertical  axis,  and  at  the  same  time  turn 
the  smaller  telescope  around  the  polar  axis  (see  step  6,  p.  630) 
until  the  image  of  the  sun  is  brought  into  the  field  of  the  wmnlW 
telescope;  when  the  image  is  accurately  bisected  the  large  tele- 
scope must  be  in  the  meridian  with  the  object-glass  end  toward 
the  south.  The  bearing  of  MN  is  then  known  from  the  read« 
ing  on  the  horizontal  limb,  and  if  desired  a  true  meridian  may 
be  staked  out  on  the  ground.     (See  step  7,  p.  630) 

Remark.  If  desired  the  plate  verniers  may  be  left  clamped  at  Bero  untO 
the  sight  has  been  taken  at  the  sun,  and  then  the  an^e  turned  off  from  tht 
point  N  as  directed  in  step  (7),  page  630. 

Practical  sugyeatwns.    Read  the  practical  suggestions  on  pages  625  and  631. 

605.  Other    Methods    of     Determiuing     a     Meridiaa 

There  are  two  other  methods  of  determining  a  meridian,  vir.; 
(1)  Sight  at  the  sun  or  a  star  when  it  is  some  distance  from 
the  meridian,  carefully  measuring  its  altitude,  and  then  sight 
at  it  again  when  it  has  crossed  the  meridian  and  is  at  exactly 
the  same  altitude.  In  the  case  of  a  star  the  meridian  is  half- 
way between  the  two  sights,  and  in  the  case  of  the  Bun  it  is 
nearly  so,  being  found  by  applying  a  small  correction.  This 
method  is  called  the  method  of  equal  altitudes,  and  is  explained 
in  detail  in  Mr.  Barber's  article  at  the  end  of  this  appendix. 

(2)  A  second  method  is  to  sight  at  the  sun  at  exactly  noon. 
This  method  involves  the  determination  of  the  true  local  time 
of  the  place  of  observation,  i.e.,  the  difference  between  the 
watch-time  and  sun-time.  The  method  is  described  in 
Engineering  XewSf   March  31,    1904. 

606.  To  Determine  Latitude,  (a)  By  observation  on 
Polaris.  (1)  Observe  polaris  at  culmination  and  correct  the 
vertical  angle  for  refraction  (p.  623)  and  index  error  if  there 
is  any  (see  p.  98).  The  result  is  the  true  altitude.  (2)  If  the 
star  is  at  upper  culmination  subtract  the  polar  distance  of 
Polaris  for  the  given  date  as  given  in  the  table  below;  if  at 
lower  culmination  add  the  polar  distance.  The  result  is  the 
required  latitude.     (Why?    See  p.  620.) 
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v-»o-  Mean  Polar 
^^^*  Distance. 

1906  l*'ir41.05" 

1907  l°ir  22.37" 

1908  1°  11' 03.71" 

1909  !*•  10' 45.07" 

1910  1°  10' 26.44" 


Voor  Mean  Polar 

*®*^-  Distance. 


BfEAN  POLAR  DISTANCE  OF  POLARIS  FOR  THE  BEGINNING  OF 

FICTITIOUS  YEAR 

Y___  Mean  Polar 

Distance 

191 1  1*  10'  07 .  82"      1916  1°  08'  34 .  97" 

1912  1°  09' 49.22" 

1913  I'' 09' 30.64" 

1914  1*09' 12.07" 
1916  1° 08' 53.51" 


1917  1°  08' 16.46" 

1918  r  07' 57.94" 

1919  1°  07' 39.45" 

1920  1° 07' 20.98" 

Note.  The  above  table  is  based  upon  data  furnished  for  this  book  by 
the  iSuperintendent  of  the  U.  S.  Geodetic  and  Coast  Survey.  Each  value 
is  found  by  subtracting  from  90**  the  mean  declination  of  Polaris  for  the 
beginning  of  the  corresponding  fictitious  year.  If  desired,  the  polar  dis-> 
tance  for  any  day  in  the  year  may  be  found  from,  the  apparent  acclination 
of  Polaris  as  ^ven  for  that  day  m  the  Nautical  Almanac.  For  1€07  the 
apparent  decimation  decreases  from  88°  48'  61.6"  on  January  16  to 
88*48"19.8"  on  July  1,  and  then  increases  to  88°  49'  9.1"  on  December  31. 

The  beginning  of  the  fictitioua  (Besselian)  year  is  the  instant  at  which 
the  mean  sun  is  280°  from  the  vernal  equinox.  It  differs  from  the  begin- 
ning of  the  ordinary  year  by  a  fraction  of  a  day  which  varies  for  different 
years.  The  mean  place  of  a  star  at  a  given  instant  differs  from  the  true 
place  by  the  effect  of  nutation  at  that  instant  ,and  from  the  apparent 
place  by  the  effects  of  both  nutation  and  aberration. 

(6)  By  observation  on  the  sun  at  noon.  (1)  Sight  at 
the  lower  or  upper  limb  of  the  sun  a  little  before  noon,  allowing 
for  the  difference  between  standard  time  and  local  mean  time» 
and  follow  the  sun  until  it  reaches  its  highest  point,  i.e.,  when 
it  crosses  the  meridian.  (2)  Correct  the  vertical  angle  for 
refraction  (p.  346)  and  index  error  if  there  is  any.  The  result 
is  the  true  altitude  of  the  sun's  limb.  If  it  is  the  lower  limb 
add  the  sim's  semi-diameter  (about  16',  but  given  more  exactly 
in  the  Nautical  Almanac);  if  it  is  the  upper  limb  subtract  the 
semi-diameter.  This  corrected  result  is  the  true  altitude  of 
the  sun's  center.  (3)  From  the  true  altitude  of  the  sun's 
center  found  in  (2)  subtract  algebraically  the  sun's  declination. 
The  result  'is  the  required  latitude.  (Why?  See  Fig.  600, 
p.  620,  where  S"M  represents  the  altitude  at  noon.) 

(c)  Latitude  with  solar  attachment.  The  latitude  of  a 
place  may  be  determined  very  easily  with  a  solar  attachment 
by  observing  the  sun  at  noon. 

(1)  Set  ofif  the  co-latitude  (as  nearly  as  can  be  estimated)  and 
the  corrected  declination  of  the  sun  in  the  usual  manner. 

(2)  Point  the  smaller  telescope  at  the  sun.  (The  two  tele- 
scopes are  in  the  same  vertical  plane  but  not  parallel,  the  angle 
between  them  being  equal  to  the  corrected  declination  of  the 
sun.)  By  means  of  the  tangent  screw  which  changes  the  in- 
clination of  the  larger  telescope,  keep  the  smaller  telescope  point- 
ing exactly  at  the  sun  until  it  ceases  to  move  upward  and  begins 
to  move  downward.  The  reading  of  the  vertical  circle  at  this 
highest  altitude  is  equal  to  the  co-latitude. 
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607.  Determination  of  the  Meridian  in  Higli  Latitudes 
— Observations  by  Equal  Altitudes.* 

There  is  no  operation  in  the  field-work  of  a  land  surveyor  that  is  fun- 
damentally more  important  than  the  establishment  of  a  correct  meridian 
line  at  the  place  of  survey,  from  which  to  deflect  the  courses  of  boundaries. 

The  rules  for  surveying  public  lands  prohibit  a  surveyor  from  assuming 
a  probable  "variation"  of  the  magnetic  compass  to  ^vem  his  work. 
They  also  prohibit  him  from  depending  on  a  variation  of  his  needle  through- 
out his  work,  though  he  may  have  obtained  it  by  proper  means  at  the 
outset,  because  all  the  successive  courses  may  be  mnuenced  by  unknown 
attraction. 

A  large  number  of  surveys  throughout  the  country  are  known  to  have 
been  recorded  with  untrue  courses,  regardless  of  these  requirements,  causing 
many  legal  complications. 

From  a  desire  to  aid  surveyors  to  overcome  the  difficulties  known  to 
impede  precision  in  this  element  of  their  work,  eerpecially  in  high  latitudes 
like  those  of  Alaska,  and  to  determine  exact  meridians  by  astronomic  means 
without  very  elaborate  instruments,  some  suggestions  are  here  offered  as 
auxiliary  to  the  means  which  are  adapted  to  all  places.  ^ 

The  use  of  eaual  altitudes  has  received  slight  notice  in  a  few  works  <« 
surveying,  but  has  not  been  set  forth  in  the  detailed  manner  applied  to 
the  other  processes.  But  since  preparing  this  article  and  laying  it  aside 
for  consideration,  it  has  been  learned  that  this  principle  was  recommended 
to  the  deputies  in  one  of  the  States  by  instructions  issued  some  y^ears  ago 
by  a  surveyor-general.  It  was  given  them  "as  being  available  in  emon- 
gencies,  calling  their  attention  to  the  advantages  in  such  cases  of  being 
able  to  take  the  forenoon  observation,  go  on  with  the  survey  till  the  after- 
noon time  approached,  and  then  complete  the  set.  It  is  available  also  for 
P.M.  followed  by  a.m.  observation." 

Thus  the  writer  now  finds,  from  correspondence,  that  one  of  the  best 
authorities  on  these  subjects  then  gave  full  indorsement  to  the  equal-^titude 
method  for  using  either  sun  or  star,  as  being  correct,  practical,  and  of 
important  utiUty  in  many  contingencies. 

The  instructions  now  generally  provided  require  that  the  meridian  be 
ascertained  by  observation  of  either  Polaris  or  the  sim;  and  that  the  oor- 
rectness  of  all  solar  work  must  be  checked  and  confirmed  by  Polaris. 

VARIOUS   OBSTACLES 

to  compliance  with  these  rules  have  been  found  in  Alaska,  and  are  evident:— 

Polaris  being  from  55°  to  70°  above  the  horizon,  it  is  too  hi^  to  be  ob- 
served without  a  reflecting  eyepiece. 

Its  position  so  near  the  zenith  greatly  increases  any  instrumental  error, 
in  bringing  a  vertical  line  to  the  ground. 

It  is  obscured  by  daylight  during  several  months  in  the  summer  season. 

Fogs  and  mists  are  said  to  be  often  prevalent,  even  after  clear  dasrs. 

The  sun  in  summer  reaches  only  a  small  elevation,  movins  in  a  low  arc, 
with  high  and  uncertain  refraction,  both  causes  unfavorable  to  accurate 
results. 

The  ordinary  solar  compass  or  transit  is  not  constructed  for  use  in  sudi 
latitudes,  and  special  constructions  are  inconvenient. 

Yielding  to  these  difficulties,  it  appears  to  have  been  a  common  but 
unauthorized  practice  to  disregard  accuracy,  assume  a  magnetic  declination, 
and  work  by  the  needle  only 

A   SIBIPLE   AND   PRACTICAL  BfETHOD 

is  therefore  very  desirable,  to  enable  surveys  to  be  made  with  courses  that 
will  bear  the  test  of  a  correct  examiner.  iSuch  a  method  is  now  suggested. 
which  may  be  used  by  any  careful  observer  having  a  good  common  transit 
with  vertical  arc. 

*  This  article  is  a  reprint  of  a  paper  bv  Mr.  A.  W.  Barber,  published  in 
Michigan  Engineer  the  Proceedings  of  the  Michigan  Engineering  SodetM 
for  1905. 
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This  process  requires  no  reflecting  eyepiece;  no  full  vertical  circle;  no 
mathematical  tables;  no  calculations  of  local  mean  time,  standard  time, 
sidereal  time,  or  astronomical  and  civil  day.  It  does  not  depend  on  the 
date  nor  the  hour  of  the  day.  nor  any  reckoning  of  culmination,  hour-angle, 
elongation,  or  polar  azimuth.  Neither  does  the  sun's  declination  or  the 
atmospheric  retraction  enter  at  aU  into  the  calculation. 

Moreover,  should  there  be  imsuspected  error  in  the  graduation  or  setting 
of  the  vertical  arc,  or  some  defect  of  collimation  in  the  telescope,  it  would 
equally  affect  both  parts  of  the  observer's  work,  and  produce  no  effect 
in  the  resulting  meridian. 

THE  METHOD  BT  EQUAL  AI/nrnDES 

depends  on  the  fact  that  the  circumpolar  stars  describe  invariable  circular 
arcs  below  the  true  pole;  and  that  when  a  peg  is  set  on  the  ground  to 
mark  the  course  to  a  certain  star  when  west  of  north  at  an  altitude  of  say 
35**,  and  another  peg  is  afterward  set  to  mark  the  position  of  that  star 
when  it  has  pa^ed  to  the  northeast  and  risen  to  the  same  precise  eleva- 
tion, the  mendian  of  the  transit  will  lie  exactly  midway  between  the  pegs. 
Hence  the  surveyor  may  be  advised  to  proceed  as  follows  in  any  latitude 
or  time  of  the  year  when  the  stars  are  sufficiently  discernible: — 

1.  Choose  a  suitable  station,  set  transit  firmly  and  lev^  precisely,  by 
the  telescope  level  turned  in  all  directions. 

2.  Set  the  index  arm  for  vertical  angles  at  zero,  and  keep  it  tightly 
clamped  for  reading  elevation  angles. 

3.  Provide  suitable  illumination  for  cross- wires,  and  also  for  reading 
angles,  horizontal  and  vertical. 

4.  Select  a  conspicuous  star,  perhaps  30°  or  40*^  from  the  pole,  which 
appears  two  hours  more  or  less  before  its  lower  culmination — that  is.  which 
stands  west  of  north  and  is  rapidly  descending.  Identify  this  star  beyond 
all  chance  of  error,  noting  it  on  a  diagram  for  certaintj'  some  hours  later. 

5.  Direct  the  telescope  to  this  point,  fixing  the  star  at  the  intersection 
of  the  cross-wires,  and  clamp  the  axis  so  it  will  retain  the  altitude  shown 
on  the  arc.  Read  and  note  down  the  angle  of  elevation,  and  read  more 
than  once. 

6.  Unclamp  the  axis,  bring  the  telescope  to  the  earth,  and  have  an 
assistant  drive  a  peg  in  Une  with  the  cross- wire,  from  3  to  5  chains  distant. 
A  candle  held  there  before  a  white  surface  will  exhibit  the  wire  and  give 
the  exact  point  for  a  tack. 

7.  Repeat  the  observation  once  or  twice,  at  intervals  of  10  or  16  minutes, 
for  contirmation  of  results,  marking  successive  pegs,  A,  B,  etc.,  with  degrees 
and  minutes  of  elevation  found. 

8.  Be  ready  to  observe  the  upward  path  of  the  same  star  after  it  has 
passed  east  below  the  pole.  Correct  the  leveling^  set  the  vertical  index 
successively  at  each  altitude  previously  noted  (beginning  with  the  lowest); 
and  when  the  star  (diagonally  ascending  in  the  field  of  the  glass)  approaches 
the  horizontal  wire,  bring  the  vertical  wire  also  upon  the  star  at  the  inter- 
section^ using  the  slow-motion  screw  of  the  horizontal  plate. 

9.  Keep  the  plate  at  that  point,  bring  the  telescope  down,  and  set  peg 
in  line  as  before.  Repeat  the  process  for  each  observation  A,  B,  etc.,  taken 
before  midnight,  marking  each  peg  B,  A,  etc.,  with  the  elevation  in  figures. 

10.  Measure  the  arc  between  pe^  A  A  denoting  equal  altitude,  and  take 
one  half.  Lay  off  this  half  from  either  peg,  and  set  a  peg  and  tack  for  the 
true  meridian.  As  a  test  of  correctness,  the  middle  point  oetween  pegs  B  B 
and  between  C  C  should  be  found  to  coincide  with  the  one  first  found.  A 
single  pair  is  sufficient,  except  for  confirmation. 

BT  EQUAL  ALTITUDES  OF  THE  SUN. 

In  this  operation  a  reflecting  eyepiece  with  dark  glass  will  be  necessary 
The  sun's  large  image  in  the  field  can  be  centered  as  truly  as  a  star.  It 
is  therefore  found  best  to  place  the  intersection  of  the  wires  at  the  lower 
limb  (apparently  the  sun's  upper  edge,  as  reversed  by  the  mirror)  and 
at  the  precise  point  of  tangency,  when  the  sun  is  just  leaving  the  horizontal 
wire,  apparently  descending,  with  the  vertical  wire  bisecting  its  disk. 

This  IS  convenient  for  the  forenoon  observations;  hence  at  the  corre- 
sponding times  after  noon,  with  the  proper  altitude  of  telescope,  one  must 
be  ready  at  the  moment  the  sun  (now  apparently  ascending)  first  reaches 
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t&e  levd  wire,  having  the  veitiiial  o&e  bieeet  the  sun  by  tiie  poiBi  of  tea- 
geiuyy,  as  b^ore 

The  pair  of  pegs  in  this  cafle  will  be  set  southeast  and  southwest  of  tibe 
station.  The  center  or  bisecting  line  of  the  included  arc  would  be  tiw 
Dieridtaa.  were  it  not  for  the  sun's  chance  of  declination  in  the  intervening 
time.  This  slight  change  requires  a  calculation  for  oorrectioD,  which  the 
star  process  avoids.  The  formula  calls  for  a  short  ahthmetioal  piooess, 
with  a  table  of  natural  sines t 

WORKING    BT    A    REFERENCE    MAB& 

Instead  of  using  pegs  and  tacks  for  day-work  in  this  line,  the  writer 
has  found  it  easier  to  use  a  reference  point  or  mark. 

On  April  17,  after  careful  leveling,  I  set  the  horizontal  plates  lU  aen> 
with  the  telescope  directed  at  a  distant  spire  for  my  mark.  CSamp  tht 
lower  plate  fast,  and  direct  the  telescope  to  the  sun,  observing  it  as  above 
shown.  Find  by  the  horizontal  angle  that  the  sun's  azimuth  to  the  left  or 
east  of  the  spire  is  30**  27';  and  by  the  vertical  arc  I  find  bis  altitude  47°  oy. 
(The  semi -diameter  may  be  dbregarded  in  each  pair  of  observations  if 
the  same  limb  of  the  sun  is  used  each  time.) 

For  the  corresjponding  afternoon  observation.  I  have  the  index  oi  alti- 
tude fixed  at  47°  Od'.  and  watch  the  sun  rise  (apparaatly)  to  the  propo' 
position.  At  the  right  moment  clamp  the  plate,  use  the  slow  motion,  and 
when  the  disk  is  in  position  find  from  tbe  horizontal  plate  that  the  sun  is 
84"  49^  west  of  the  spire  or  mark. 

The  whole  arc  is  SO""  27' +  84°  49'<=115°  16';  and  the  bisecting  meridian 
is  57°  38'  from  either  position  of  the  sun.  From  this  one  half  i  subtract 
the  first  azimuth  of  the  sun  from  the  mark;  57°  38'— 30°  27' =  27"  11'  as 
the  true  bearing  of  the  mark  from  the  uncorrected  meridian,  audit  apparmtly 
bears  3.  27°  Ir  E.  from  the  transit. 

THK    CORRECTION    FOR   DECUNATTOH 

at  or  near  the  times  of  the  solstices,  will  be  merely  theoretical,  as  an  houriy 
difference  of  declination  less  than  10  seconds  will  be  quite  neghrabla.  But 
during  the  rest  of  the  year  it  should  be  ascertained,  for  it  would  amount 
to  as  much  as  a  change  of  10'  were  observations  taken  six  hours  a{>art  cm 
September  25,  in  latitude  65°. 

To  calculate  this  correction:  Take  one  half  the  chan|^  in  declinaticm 
between  observations  at  equal  altitude:  divide  these  mmutes  of  change 
by  the  product  of  the  cosine  of  the  latitude  by  the  sine  of  half  the  d'ffer- 
ence  in  time  expressed  in  decrees  (15°  per  hour);  the  quotient  will  be  the 
minutes  of  arc  for  the  correction.  This  Ls  to  be  ap|>lied  from  south  to  west 
from  June  21  to  December  21  (decUnation  decreasing)  and  from  south  to 
east  the  rest  of  the  year. 

EXAMPLE    OF    ABOVE    OPERATION 

on  April  17,  11:  latitude  39°,  using  standard  watch-time;   second  an4  third 
pairs  of  observations,  the  first  pair  being  already  noted. 

B.  10  :  01  A.M.  altitude  49°  36'  azimuth  E.  from  mark  26°  07* 

C.  10  :  16  A.M.  altitude  51°  48'  azimuth  E.  from  mark  21°  38* 
C.  1  :  59  P.M.  altitude  51°  48'  azimuth  W.  from  mark  76°  00' 
B.     2  :  14  P.M.  altitude  49°  36'  azimuth  W.  from  mark  80°  29' 

The  sum  of  the  measured  arcs  of  the  B  B  positions.  26°  07' +  80°  29*  = 
106°  36'.  The  middle  point  for  meridian  is  at  53°  18'.  As  the  reference 
mark  is  26°  07'  from  the  forenoon  sun,  its  art*  from  the  south  meridian  point 
must  be  53°  18'  —  26°  07',  and  its  course  from  the  transit  is  again  found  S. 
27°  11'  E.     (Uncorrected.) 

The  third  pair,  C  C.  gives  21°  38' +  76°  00' =  97°  38'.  One  half  of  tliis. 
or  48°  49',  less  21°  38',  gives  the  same  resulting  arc.  27°  11'. 

CORRECTION    FOR   CHANGE    OF   DECLINATION 

One  half  of  the  change  on  that  day  in  4  J  hours  was  1 .9' .  The  cosine 
of  the  latitude  39°  is  .78;  the  sine  of  half  the  difference  in  time  i2.\  liours'- 
"homl  32°)  is  ^;    their  prodMct  is  J8X.63-.4l.     Dividing  1.9'  by  .41. 
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the  quotient  is  4Jr  minutes  of  arc  for  correction  of  the  south  meridian 
point  eastward.  This  gives  the  bearing  of  the  spire  or  mark  from  the  true 
meridian,  S.  27°  06'  30^  E. 

THE   DIRECT  TRANSIT   OBSERVATION    OF  THE   BUN 

for  meridian  is    an  operation  highly  commended  by  many;    and  with  a 

Eerfect  instrument  used  by  an  unerring  workman  it  should  be  wholly  relia- 
le.  Yet  the  writer  meets  numerous  capable  engineers  who  object  to  its 
use  and  will  not  depend  on  it. 

There  are  so  many  uncertainties  attending  its  use  by  unknown  persons 
with  the  possibly  disordered  instruments,  and  so  many  lines  nominally 
established  by  it  have  been  found  out  of  limits,  that  the  method  has  not 
been  approved  in  the  Manual  of  Instructions  unless  the  results  are  verified 
by  the  independent  check  of  Polaris.  The  latter  being  direct  and  simple 
and  having  no  possible  connection  with  the  solar  methods,  cannot  be 
dispensed  with  as  the  court  of  last  resort  to  prove  the  accuracy  of  the 
tedious  and  intricate  "direct  solar"  problems,  where  the  mean  of  repeated 
observations  is  apt  to  involve  repetition  of  error. 

To  use  the  sun  in  tliat  manner,  one  must  sacrifice  much  time,  in  the  best 
working  hours,  in  observing  and  in  solving  his  spherical  triangles,  usually 
under  conditions  of  physical  discomfort,  while  his  party  waits;  or  else  he 
must  proceed  to  work  and  secure  his  solution  at  another  time  and  place. 

Of  all  the  irethods  nf  taking  an  observation  for  meridian,  this  appears 
most  thickly  beset  with  chances  for  error.  The  resiut  is  certainly  anected 
by  any  index  error  in  the  vertical  arc,  or  in  the  collimation  of  the  telescope, 
unless  one  has  a  Jull  circle  annd  eliminates  the  error  by  reversing,  repeat- 
ing, and  averaging.  Any  arithmetical  error  in  logarithmic  readings  or 
written  work  will  vitiate  the  results. 

The  surveyor  is  obliged  to  pay  due  regard  to  latitude  and  co-latitude, 
altitude  and  zenith  distance,  declination  and  co-declination.  He  must 
take  care  of  his  standard  time,  longitude,  and  azimuth  from  reference 
mark.  The  exact  refraction  should  be  used,  with  due  regard  to  temper- 
ature, barometer,  and  humidity.  Having  safely  determined  all  these, 
he  is  then  ready  to  perform  his  calculation;  yet  at  last  mav  well  snspject 
whether  sotie  error  has  crept  in,  unless  he  has  some  independent  test. 

Such  a  check,  suited  to  the  latitude  of  Alaska  or  elsewhere,  is  believed 
to  be  found  in  the  method  of  equal  altitudes.  A  surveyor  may  set  a  tack 
beneath  his  star  at  ten  in  the  evening,  noting  its  altitude;  and  should  fo^ 
and  storm  set  in  for  a  day  or  a  week,  it  will  only  delay  but  not  defeat  his 
completion  of  the  work.  Whenever  it  clears  off  he  can  secure  his  counter 
observation  about  two  in  the  morning,  with  no  doubt  of  finding  the  correct 
meridian. 

The  foregoing  pages  will  not  appeal  stron^y  to  surveyors  that  are  in- 
different to  certain  precision,  and  averse  to  losing  sleep;  but  they  have  been 
approved  .by  several  of  a  different  class — men  who  have  kept  many  a  long 
vigil  of  the  small  hours  to  secure  the  most  critical  use  of  Polaris,  and  lay 
courses  from  which  no  competent  inspector  could  materially  differ. 
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TRIGONOMETRIC  FORMUUE. 


Trigonomstric  FCNCnOMS. 

Let  A  (Fig.  107)  xs  angle  BAG  =  arc  BF,  and  let  the  radius  AF 
AH=  1. 


^AB^ 


then  have 

sin^ 

^BO 

cos^ 

^AO 

tanvl 

=  2)if 

cot^ 

=  Ha 

secvl 

TzAD 

cosec  4 

=  AG 

yersin  4 

x^CF^  BE 

covers  4 

=zBKx=Hj:s 

exsec4 

=  BD 

coezseo^ 

:=BG 

chords. 

=  BF 

chord  2  A 

=  BI=2BC 

u 


X\. 


\    D 

Cy^  \r 

^      a  V 
b        1, 

Jl 


In  tlie  right^mgled  triangle  ABC  (Fig.  107) 
Let  4B  =  c,  4C  =  6,  and  ^C=  a. 
We  then  haye : 


1.    sin4         =     — 

c 


2,    cos4        =     — 

c 


8.    tan4        = 
4.    cot  4        = 


a 
a 


d.    seo  .^&         ~—     "^ 


&    cosec  A     =     — 

a 


7.  vers  A       = 

8.  exsec-4    = 

9.  covers  4   = 
10.  coexsec  A  = 


cj-_b 
c 

c  -h 
b 

c  —  a 
c 

e  —  a 


cosB 
sinB 
cotB 
tanB 
cosec -B 
secB 
covers  B 
coexsec  B 
versin  J? 
exsecB 


Fio.  107. 


11.      a=sc9ln4  =  5  tfm  A 


12.      b  =s  ccosA  = 

ja     c  = 

14.      a  =3  coasts 


a 
sin  A 


acot^ 

h 

cos  4. 

bc€tiB 


15.      &  =  c  sin  J?  r=  a  tan  B 
a  b 


16.     c  = 


cos  B       sin  B 


81.  area  = 


17.  a  =  4^  (j.  ^  5^  (^c  —  6) 

18.  6  =  i^"(c  +  a)  (c-dj 

19.  c  =  Va2^6« 


20.      C-90^  =  A  +  B 


ab 
2 
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Solution  of  Oblkjub  Taianoubs. 
B 


Fio.  108. 


2d 


23 


25 
26 

27 

28 
29 

30 
81 


33 
83 


GIVBN. 


A,B,a 


A,a,h 


C,a,b 


a,  &,  e 


BOUGHT. 


C,  6,c 


P,  C,  c 


^,  ^,  C,  a 


}4iA-\-B) 

HU-B) 

A,B 


FORKUIlV. 


a 


6  =  ^ 


c  = 


sia  A 


Bin  ul 

sinU-f  5) 


.sinB, 


^n  A    , 

sin  -B  = .0, 

a 


C=180«-U+^ 


a 


area 


area 


area 


c  =  -: — 7  .  Bin  C. 

^  sin  ^ 

tan  ^  (^  -  D  =  ^"^  taji^(A  +  B) 

A  =  y^(A-\-B)+HU-B\ 
B  =  mA  +  B)-H(A-'B) 


cosJ^M-i?) 


sInHU-J?) 


Let*  =  J^^(a  +  b+c);Bin^4  =  i/^-"^^^^*— ^ 


c) 


sin  ^ 

vers  A  = 


2K«t(8  -  a)(8-6)(a-c) 


be 


K  =  ^  s{3-  a)  {3  -  b)  (s  —  c) 

_  a^  sin  J9 .  sin  C 
2sin^ 
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Bh. 

7h. 

Sh. 

«h. 

11)  b 

11  h 

12  h. 
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Mii> 

Min 
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Latitude  37=  to  49- 
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"" 

Oh. 

1  h.  1  2  h. 
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4h. 

Bh. 
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Tablk  IV. 

LOCAL    CIVIL  TMB  OF  THE  ELONGATIOJffa  OF  POLART9  IS 

THE  YEAR   1905. 

(Compnttai  for  T<ititod>  40^  north  and  Lon^itTuie  9QP  or  6h.  west  of 

Greenwich.) 


£>at«. 


Eastern 
Elongation^ 


EIongBtioii. 


January  1 


1905. 


h.  m. 

12  40.4  P. 


h.      m. 
12  39.3  A. 


January  lo.  , 
P#?hrtjary  1 .  . 
Febniary  15. 
Marrh  1 .  .  . 
Maroh  1.5.  .  . 

April  1 

AprVi  15 

May  I 

May  1.5 

Junff  I 

June  15.  .  .  . 
July  1 


11  51.1 

AOI. 

11  41.1 

PM- 

10  44  0 

A. at. 

10  34  0 

P.M. 

9  48  7 

A.M. 

9  38  7 

P-M. 

8  53 .5 

A.M. 

a  43.5 

P  M. 

7  58  3 

A. If. 

7  48  3 

P.M. 

6  51.3 

.I.lf. 

6  4rl  3 

PJi. 

5  .56.3 

AJf. 

5  46.3 

PJf. 

4  53.5 

A.M. 

4  43  5 

PJt. 

3  .58  5 

A.M. 

3  48.5 

P.M. 

2  51.9 

A.M. 

2  41.9 

PJI. 

1  .57.1 

AM. 

I  47.1 

pji. 

12  54.4 

A.M. 

12  44.4 

.       — 

pji. 

July  15 

AuKiif<t  1 .  ... 
AuKUXt  1.5.  .  .  , 
SffptembftT  1 . 
Hf^tmnh*-r  15. 
r><»t.obfT  1 .  .  .  . 
<')f»tober  15.  .  . 
Sovpitinhm-  1 .  . 
Noven>b«r  15. 
r>ec«»mh«r  1 .  . 
Dcciwiihw  15. 


11  55.7 

10  49.1 

9  .54  3 

8  47.7 
7  52  8 
6  50  0 
5  55  0 

48.2 
53  0 
50  0 

54.8 


4 
3 

2 
1 


PJC. 

P.M. 
P.M. 

P.M. 
P.M. 
P.M. 
P.M. 
P.M. 
P.M. 
P.M. 
P.M. 


11  48 
10  43 
9  48 
8  41 
7  46 
6-43 
5  48 


4 
3 
2 
1 


42 
47 
43 
48 


.6 
.1 
.2 

.6 

.   4 

.9 

.1 
.0 
.9 


A.M. 

AJi. 
AJi. 

AJC. 

AJi. 

AJS. 


AJi. 

AJi. 


To  find  the  time  of  eulminatt&n.    The  time  between  ditber  dbi 
ami  upp^  r;tilmination  is  about  5  hrs.  55  m.,  while  betweoi  either 
tion  arKi  low<tr  culmination  it  is  about  6  hrs.  3  la.     (idee  p.  358.) 

A.  To  refer  the  above  tabular  quantities  to  years  subse- 
quent to  J 905: 


¥or  yrihr  1907  add 2.5  minutes 


1908    •'   3.8 

1908  subtract 0.1 

1909  a^ld 1.1 


1910 
1911 
1912 
1912 
1913 
1914 
1915 
1919 
191A 
1917 


•  « 


2.3 
3.6 
5.0 
1.1 
2  5 
3.9 
5.4 
6.9 
3.0 
4.6 
6.2 
7.8 
9.4 
5.6 


up  to  March  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  March  1 


up  to  Bfarch  1 

on  and  after  March  1 
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B.  To  refer  to  any  calendar  day  other  than  the  first  and  fifteenth 
of  each  months  subtract  the  quantities  below  from  the  tabular 
quantity  for  the  precediko  date  or  add  to  the  tabular  quantity 
for  the  FOLLOWING  date: 


)ay 

of  Month. 

Minutes. 

No.  of  Days  Elapsed 

2( 

JT  16 

3.9 

I 

3 

17 

7.9 

2 

4 

18 

11.8 

3 

5 

19 

15.7 

4 

6 

20 

19.6 

5 

7 

21 

23.6 

6 

8 

22 

27.5 

7 

9 

23 

31.4 

8 

10 

24 

35.4 

9 

11 

25 

39.3 

10 

12 

26 

43.2 

11 

13 

27 

47.2 

12 

14 

28 

51.1 

13 

29 

55.0 

14 

30 

58.9 

15 

31 

62.9 

16 

For  the  tabular  year,  two  eastern  elongations  occur  on  July  14, 
and  two  western  elongations  on  January  11. 
C.  To  refer  the  table  to  standard  time.  Add  to  the  tabular  quan- 
tities four  minutes  for  every  degree  of  longitude  the  place  is 
west  of  the  standard  meridian  and  subtract  when  the  place 
is  east  of  the  standard  meridian. 

D.  To  refer  to  any  other  than  the  tabular  latitude  between  the 
limits  of  25°  and  50**  North:  Add  to  the  time  of  west  elongation 
0'^.12  for  every  degree  south  of  40°  and  subtract  from  the 
time  of  WEST  elongation  0'^.17  for  every  degree  north  of  40°. 
For  eastern  elongations  subtract  Om.12  for  every  degree 
south  of  40°  and  add  0^.17  for  every  degree  north  of  40°. 

E.  To  refer  to  any  other  than  the  tabular  longitude;  Add  0^.16 
for  each  15°  east  of  the  ninetieth  meridian  and  subtract  0^.16 
for  each  15°  west  of  the  ninetieth  meridian. 

The  deduced  time  of  elongation  will  seldom  be  in  error  more 
than  0'.3,  especially  before  1911. 

Note.  In  the  Practical  Suggestions  on  page  357  are  given  complete 
directions  for  applying  the  above  rules ,  together  with  an  example  illustrat- 
ing the  method  of  finding  the  time  of  elongation. 

Table  IV  and  the  accompanying  rules  have  been  kindly  fur- 
nished for  this  book  by  the  Superintendent  of  the  U.  S.  Coast 
and  Geodetic  Survey. 
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TABLES 


Table   ' 


AZIMUTH  OF  POLARIS  WHEN  AT  ELONGATION 


Lati- 
tude. 

25° 

26 

27 

28 

20 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 


1905 


1906 


r  19'.4 
20  .1 

20  .8 

21  .6 

22  .4 

23  .1 

24  .0 

24  .9 

25  .9 

26  .9 

27  .9 

29  .0 

30  .1 

31  .4 

32  .7 

34  .0 

35  .4 

36  .9 
38  .5 

40  .1 

41  .8 
43  .7 
45  .6 
47  .7 
49  .8 


1"  W.l 

19  .8 

20  .5 

21  .3 

22  .1 

22  .8 

23  .6 

24  .5 

25  .5 

26  .5 

27  .5 

28  .6 

29  .7 

31  .0 

32  .3 


1907 


33 
35 
36 
38 
39 


I''  18'.  7 

19  .4 

20  .1 
20.  9 

21  .7 

22  .4 

23  .2 

24  .1 

25  .1 

26  .1 


1908 


1909  I  1910 


1911 


1912 


1°  18'. 4  1°  18M  1°  17'. 71°  17'.4!l°  17'. 0 


27  . 

28  . 

29  .3i 

30  .61 

31  .8; 


33 
34 
36 
37 
39 


2 

6 

.0' 

.6! 

.2 


41  .4 

40  .9 

43  .2 

42  .7 

45  .1 

44  .6 

47  .2 

46  .7 

49  .3 

48  .8 

19  .1 

19  .8 

20  .5 

21  .3 

22  .1 

22  .5 

23  .8 

24  .7 

25  .7 

26  .8 

27  .9 

29  .0 

30  .2 

31  .4 


32 
34 
35 
37 
38 

40 
42 
44 
46 
48 


.8 

2 

.6 

.2 

.8 

.5 
.3 
.2 
.3 


18  .7 

19  .4 

20  .1 

20  .9 

21  .7 

22  .2 

23  .41 

24  .3 

25  .3 

26  .4 

27  .5 

28  .6 

29  .8 
31  .0 


32 
33 
35 
36 
38 

40 
41 
43 
45 
47 


.4 

8 

2 

.8 

.4 

.1 
.9 

.7 
.8 
.9 


18  4 

19  .11 

19  .8! 

20  .5 

21  .3 
21  .2 

23  .1 

24  .0 

25  .0 

26  .0 

27  .1 

28  .2 

29  .4 

30  .6 

32  .0 

33  4 

34  .8 

36  .3 

37  .9 

39  .6 
41  .4 
43  .3 
45  .3 

47  .4i 


18  .0 

19  .1' 

19  .4 

20  .2 

21  .0 

21  .8 

22  .7i 

23  .6, 

24  .6 

25  .6* 

26  .7; 

27  .8 

29  .0 

30  .2, 

31  .6' 

32  .9 

34  .2 

35  .9 
37  .5 

39  .2- 

41  .01 

42  .8 

44  .8i 
46  .9 


17  .7 

18  .4 

19  .1 

19  .8 

20  .6 

21  .5 

22  .3 

23  .3 

24  .2 

25  .2 

26  .1 

27  .4 

28  .6 

29  .8 

31  t 

32  .5 

34  .0 

35  i 

37  .1 

38  .7 
40  .5 
42  .4 
44  .4 
46  .4 


50   l°52'.0  1°51'.5  1°51'.0  1°50'.6  1°50'.i;i°49'.6  1'»49'.l'lO48'.l 


The  above  Table  was  computed  with  mean  declination  of 
Polaris  for  each  year.  A  more  accurate  result  will  be  had  by 
applying  to  the  tabular  values  the  following  correction,  which 
depends  on  the  difference  of  the  mean  and  the  apparent  place 
of  the  star.  (See  Note  in  Art.  605.)  The  deduced  azimuth 
will,  in  general,  be  correct  within  0'.3. 

The  azimuths  in  Table  V  are  reckoned  clockwise  from  the 
true  north  for  the  eastern  elongation,  and  counter-clockwise 
from  the  true  north  for  the  western  elongation.  For  inter- 
mediate latitudes  values  may  be  obtained  by  interpolation 
without  in  general  exceeding  an  error  of  0'.3.  Table  V  and 
the  supplementary  table  have  been  kindly  furnished  by  the 
Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey  for 
pubUcation  in  this  book. 
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FOR  ANY  YEAR  BETWEEN  1905  AND  1920 


Lati- 
tude. 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

25° 

1°  16'.  7 

P  16'. 4 

1°  16'. 0 

1°  15'.  7 

1°  16'. 3 

l**  15'.  0 

1°  14'.  7 

1°  14'. 3 

26 

17  .3 

16  .6 

16  .3 

16  .3 

16  .0 

15  .5 

16  .3 

14  .9 

27 

18  .0 

17  .7 

17  .3 

17  .0 

16  .6 

16  .3 

15  .9 

15  .6 

28 

18  .7 

18  .4 

18  .0 

17  .7 

17  .3 

17  .0 

16  .6 

16  .3 

29 

19  .5 

19  .1 

18  .8 

18  .4 

18  .1 

17  .7 

17  .4 

17  .0 

30 

20  .3 

19  .9 

19  .6 

19  .2 

18  .8 

18  .5 

18  .1 

17  .8 

31 

21  .1 

20  .7 

20  .4 

20  .0 

19  .7 

19  .3 

18  .9 

18  .6 

32 

22  .0 

21  .6 

21  .2 

20  .9 

20  .5 

20  .1 

19  .8 

19  .4 

33 

22  .9 

22  .5 

22  .1 

21  .8 

21  .4 

21  .0 

20  .7 

20  .3 

34 

23  .8 

23  .5 

23  .1 

22  .7 

22  .4 

22  .0 

21  .6 

21  .2 

35 

24  .9 

24  .5 

24  .1 

23  .7 

23  .3 

23  .0 

22  .6 

22  .2 

36 

25  .9 

25  .5 

25  .2 

24  .8 

24  .4 

24  .0 

23  .6 

23  .3 

37 

27  .0 

26  .7 

26  .3 

25  .9 

26  .5 

26  .7 

24  .7 

24  .3 

38 

28  .2 

27  .8 

27  .4 

27  .0 

26  .0 

26  .2 

25  .9 

25  .6 

39 

29  .4 

29  .0 

28  .6 

28  .2 

27  .8 

27  .5 

27  .1 

26.7 

40 

30  .7 

30  .3 

29  .9 

29  .5 

29  .1 

28  .7 

28  .3 

27  .9 

41 

32  .1 

31  .7 

31  .3 

30  .9 

30  .4 

30  .0 

29  .6 

29  .1 

42 

33  .5 

33  .1 

32  .7 

32  .3 

31  .9 

31  .5 

31  .0 

30  .5 

43 

35  .0 

34  .6 

34  .2 

33  .8 

33  .4 

32  .9 

32  .5 

32  .1 

44 

36  .6 

36  .2 

35  .8 

35  .3 

34  .9 

34  .5 

34  .1 

33  .6 

45 

38  .3 

37  .8 

37  .4 

37  .0 

36  .1 

36  .1 

36  .7 

35  .3 

46 

40  .1 

39  .6 

39  .2 

38  .7 

38  .3 

37  .8 

37  .4 

37  .0 

47 

1      41  .9 

41  .5 

41  .0 

40  .6 

40  .1 

39  .7 

39  .2 

38  .8 

48 

43  .9 

43  .4 

43  .0 

42  .5 

42  .0 

41  .6 

41  .1 

40  .7 

49 

46  .0 

45  .5 

45  .0 

44  .5 

44  .1 

43  .6 

43  .1 

42  .7 

50 

1°48  .2 

1°47'.7 

1<*47'.2 

I*' 46'. 2 

1*>46'.2 

1*»45'.7 

1°46'.3 

1°44'.8 

For  Middle  of 

Correction. 

For  Middle  of 

Correction. 

January 

February 

March 

-0'.6 
-0.4 
-0  .3 
-0  .1 
+  0.1 
+0.2 

July 

+  0'.2 

.    J 

August 

+  0  .1 

September 

October 

-0  .1 

ADril 

-0  .4 

Mav 

November 

December 

-0  .6 

June 

-0  .8 

TABLE  VI.    DEGREES  AND  TIME. 


TO  REDUCE  DEX5BEE3  TO  TIME, 

TO  REDUCE  TIME  TO  DEOREBS. 

H.M, 

V 

H.M, 

i 

1 

101 

104 

106 
107 
108 

130 
140 

lOO 

1 

190 

■iM 

aii5 
sio 

■ix 

245 
300 

II 

1 

1 

M.    •      ' 

M. 

.     , 

90 

23 
S3 
Si 

S9 
34 

38 
4T 

M,  K. 

M.  S. 

f<. 

B. 

,     » 

0    IS 
0    St 

0  W 
Q    Si 

IS 

si 

1  10 

W 

u 

X 

«a 

63 

66 
68 

S 

IT 

i 

81 
8S 

96 
100 

S.T. 

T. 
10 

1 

IS 

1 
1 

as 

27 

i 

33 
34 

a 

36 
36 

aa 

43 

46 

48 
4S 

oso 

04S 
2  IS 

:: 

sao 

34S 

t  30 
445 

I'i 

6  15 

a  30 

TIB 
730 

11 

sao 

845 

0  15 
330 

10    0 

ii 

!1  30 

H 

12  30 

T. 
53 

36 

73 

73 

I 

78 

81 
BS 
89 

S6 

88 

91 
91 
M 
99 

12  4S 

J3    0 

13  tt 

14  30 
14(9 

15  IS 
IS  30 
15  4fi 

IBIS 
1S4S 

M 
•il 

13  4E 

iis 

IS  45 
20   0 

at  IB 

20S) 

n» 

lil  45 
IS   0 
2«1S 

at  3D 

2!4S 

■a  t 

2SI6 
23  4£ 
34    0 

24M 

3  36 

S    « 

t    4S 

i     0 

4  13 

4   HO 

4    S4 
4    28 

4  aa 

4  40 

ii 

a  40 

5  4S 

5  12 

B    3a 

6  «6 
8    40 

»ao 

10  40 

13  40 

10  40 
IB  SO 
17  30 

ao4o 

21  w 

It 

f 

4 
*t 
5* 

6) 
f 

ii* 

13* 

la* 

14i 
IS} 

!■* 

1? 

Jo* 

m 

1 
§* 

2* 

SSI 

1' 
lao* 
i«i 

14^ 

Im* 

IWl 

1' 

23at 

S40 

s 

s 

s 
s 

TABLES. 


649 


TABLE  VII.  

REFRACTIONS   m    TERMS   OF  LATITtJDE.   HOTJR-ANaLE.  AlH) 

SUN'S  DECLINATION. 


A  Tabus  of  Mean  Rbihactxons  in  Declination  to  be  Used  with  the 

Solar  Attachment. 

Apply  to  the  Declination  as  Found  in  the  i^heroeris. 


• 

Dedinations. 

1 

For  Latitude  20<*. 

w 

-I-20* 

+  15» 

+  10* 

+  6* 

O^ 

-5<> 

-10* 

-15«> 

-20» 

Oh 

0" 

05" 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

2 

03 

07 

13 

18 

24 

30 

36 

44 

52 

3 

06 

13 

18 

24 

30 

36 

44 

52 

1'02 

4 

17 

22 

28 

35 

42 

50 

r  00 

I'll 

1  26 

6 

39 

47 

67 

1'07 

1'20 

1'37 

2  00 

2  32 

3  25 

For  Latitude  30«. 


Oh 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

57' 

r  08" 

2 

14 

19 

25 

31 

38 

46 

54 

1'05 

1  18 

3 

20 

26 

32 

30 

47 

55 

1'06 

1  19 

1  36 

4 

32 

39 

46 

52 

1'06 

1'  19 

1  35 

1  67 

2  29 

5 

I'OO 

1'  10 

1'24 

1'52 

2  07 

2  44 

3  46 

5  43 

13  06 

For  Latitude  40«, 


Oh 

21" 

27" 

33" 

40" 

48" 

67" 

V  08" 

V  21" 

r39" 

2 

25 

32 

39 

46 

62 

1'06 

1  19 

1  35 

1  67 

3 

33 

40 

48 

57 

1'08 

1  21 

1  38 

2  02 

2  36 

4 

47 

55 

1' 06 

V  19 

1  36 

1  58 

2  30 

3  21 

4  59 

6 

V  15 

1'31 

1  51 

2  20 

3  05 

4  25 

7  34 

25  18 

• 

For  : 

Latitude  50** 

0  h 

33" 

40" 

48" 

67" 

1'  08" 

1'  21" 

1'39" 

y  02" 

2^36^' 

2 

38 

46 

55 

1'06 

1  18  ' 

1  35 

1  57 

2  28 

3  19 

3 

47 

66 

1'06 

1  19 

1  36 

2  29 

2  31 

3  23 

5  02 

4 

1'02 

1'  14 

1  29 

1  48 

2  16 

2  58 

4  18 

6  69 

19  47 

5 

1  30 

1  61 

2  19 

8  04 

4  22 

7  28 

24  10 

For  Latitude  60°. 

Oh 

48" 

67" 

1'  08" 

1-  21" 

1'  39" 

2*02" 

2'  36" 

3'  33" 

5' 23" 

2 

54 

1'04 

1  17 

1  33 

1  64 

2  24 

3  12 

4  38 

8  16 

3 

1'03 

1  15 

1  30 

1  51 

2  20 

3  04 

4  24 

7  31 

24  44 

4 

1  18 

1  34 

1  66 

2  28 

3  18 

4  50 

8  63 

6 

1  46 

2  11 

2  60 

3  57 

6  21 

15  32 

\ 

650  TABLE  Vni. 

DECIMALS  OP  A  FOOT  FOR  EACH  32D  OF  AN  INCH. 


llL 

0 

t      s 

8 

A 

. 

• 

7 

8 

9 

1 

.. 

r 

0 

Foot 

0833  .1W7 

!fflOO 

.sasa 

.4167 

~M0 

^ 

M87 

76O0 

8338 

9107 

T~ 

1-M   -0(B6 

OffiO 

.3889  .«9S 

50B. 

:58M 

em. 

7634 

8359 

9103    1-3S 

(MBit 

ITIB 

fiUotJ 

8886 

0919   1-16 

3^ 

OKS 

:m7m 

.&a 

MK'  3^ 

oiw 

01I3S 

.aow 

:3*38 

.4871 

MW  !se3H 

orn 

6188 

9271!  1-8 

6-3* 

0130 

.2630  .3W' 

.4aK 

61B0.5S64 

a-Ki 

7630 

8484 

013b 

1821 

516a!  .5890 

B190 

BSa3'  3-W 

7-SS 

iB4a 

51S 

.«01<1 

saw 

T1S8S 

8SI0 

7-3fl 

,sraH.B6i» 

.4»B 

sue 

0875 

7T08 

854B 

937; 

»« 

.J7S4.35S 

.4MI 

0234 

BSBS 

&-!<> 

sw 

.44W 

5BSI 

T70O 

83H 

oar, 

ust 

95! 

iasis'ise* 

0968 

9463 

ii-aa 

^ 

:i47B 

sail 

8B7B 

947! 

3-8 

1173 

.ataoj.seTK 

.4806 

633> 

TW» 

7830 

8672 

7-16 

^ 

.28i»,.3aQe 

.4331 

sam 

7081 

J9Ba 

K^ 

iiW 

!ias7 

.aSDl  ,8J»t].«iS7 

?1»7 

8734 

liHSi 

oilT    !«,) 

■>I.t'  375.1' .1588 

W17  .aeao 

7083 

7»n 

erso 

B583 

17-sa 

(m:.  .-rrr,  ..i.y.i  -.,|-.  -^rr.!  ^^vb'  m*i  iwTii 

7109 

7943 

BTTfl 

960e 

17-S> 

fl-ie 

.«,;:,    I,.;    :i-,-.     ■.,,,,    'i^..     i.'.:.    ■.(■■■.i   tWK 

7186 

8809 

0636 

9-lS 

1^32 

7161 

9661 

lft« 

T168 

soai 

SSM 

968- 

8880 

21 -« 

11-lB 

■raw 

9Tiu:ii-ia 

B3-ai 

7206 

8099 

snas 

9766  SJ-M 

3-4 

ss^ 

.3isa'.soaB;.4Tai 

6I125\H5S 

7^3 

sia 

8968 

S5-33 

.31S1|.3HU  181B 

6661  .UOI 

9618£»-S3 

13-16 

83+1 

6077  .eeio 

7341 

sew  13-18 

ar-w 

!  3203  !«a9L  4870 

6TO3.fl83fl 

7370 

eaos 

9030 

eero 

7-8 

S3efi 

.3«SS,.4OK3l.4B90 

sTSB.eses 

7338 

Bsaa 

Boea 

»<9I 

7-8 

s^sti 

.33&s.4ae»i.4»«e 

8K6 

IS^IB 

(nsi 

leis 

044^ 

.3^1  .41151 ,4MB 

744a 

aati 

OSOT 

3t74 

,3307.414ll.49Ti 

semifiMi 

7474 

KW7 

81*1 

9W* 

31 IS! 

-V|T 

s 

3  1  4      6      el? 

•I'hl" 

TABLE  IX. 

BED0CT1ON  OF  INrLINED  DISTANCES  TO  THE  HORIZONTAL. 


Slope. 

Correction. 

Disuiace. 

s«,p,.   c™ 

wtion. 

DbUDoe. 

100  000 

_»  1 

0,856 

99.H-t 

W    ''\ 

\-~\ 

Table  X 


REDUCTION  OF  STADIA  READINGS 


TO 


HORIZONTAL  DISTANCES 


AND  TO 


DIFFERENCES  OF  ELEVATION. 


riiis  table  was  computed  by  Professor  Arthur  Winslo^. 
State  Geologist  of  Missouri 
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Table  X. 

STADIA  REDUCTIONS  FOR  READING  100. 


0' 

) 

1 

o 

2 

s 

8 

o 

MinutAS 

^*l  IMl  TB  VTrIT« 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Difl 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Ele^ 

c 

100.00 

.00 

99.97 

1.74 

99.88 

3.49 

99.73 

6.2 

2 

»* 

.06 

tt 

1.80 

99.87 

8.55 

99.73 

6.2 

4 

<« 

.12 

tt 

1.86 

tt 

3.60 

09.71 

5.3 

9 

i« 

.17 

99.96 

1.92 

tt 

8.66 

tc 

5.4 

8 

*i 

.23 

tt 

1.98 

99.86 

8.72 

99.70 

6.4 

10 

<t 

.29 

It 

2.04 

tt 

8.78 

99.69 

5.6 

12 

M 

.35 

tt 

2.09 

99.85 

3.84 

tt 

5.8 

14 

tt 

.41 

99.95 

2.15 

tt 

8.90 

99.68 

5.6 

16 

«( 

.47 

kt 

2.21 

99.84 

8.95 

tt 

5.0 

18 

M 

.52 

tt 

2.27 

tt 

4.01 

99.67 

6.7 

ao 

t« 

.58 

tt 

2.33 

99.83 

4.07 

99.66 

5.8 

22 

II 

.64 

99.94 

2.38 

tt 

4.13 

tc 

5.8 

24 

tt 

.70 

tt 

2.44 

99.82 

4.18 

99.65 

5.9 

26 

99.99 

.76 

tt 

2.50 

tt 

4.24 

99.64 

5.9 

28 

tt 

.81 

99.93 

2.56 

99.81 

4.30 

99.63 

6.0 

30 

tt 

.87 

tt 

2.62 

tt 

4.36 

It 

6.0 

82 

It 

.93 

tt 

2.67 

99.80 

4.42 

99.62 

6.1! 

84 

M 

.99 

tt 

2.73 

tt 

4.48 

>t 

6.2 

36 

«» 

1.05 

99.92 

2.79 

99.79 

4.53 

99.61 

6.2! 

38 

It 

1.11 

tt 

2.85 

tt 

4.59 

99.60 

6.Si 

40 

tt 

1.16 

tt 

2.01 

99.78 

4.65 

99.59 

6.31 

42 

U 

1.22 

09.91 

«-97 

tt 

4.71 

tt 

6.4^ 

44 

99.96 

1.28 

it 

8.02 

99.77 

4.76 

99.58 

6.S( 

46 

tt 

1.34 

99.90 

3.08 

tt 

4.82 

99.57 

6.» 

48 

tt 

1.40 

tt 

3.14 

99.76 

4.88 

99.56 

6.61 

60 

tt 

1.45 

tt 

3.20 

tt 

4.94 

tt 

6.ff 

52 

tt 

1.51 

99.89 

3.26 

99.75 

4.99 

99.55 

6.73 

54 

tt 

1.57 

tt 

3.31 

99.74 

5.05 

99.54 

6.7? 

56 

99.97 

1.63 

tt 

3.37 

it 

5.11 

99.53 

6.8< 

58 

tt 

1.69 

99.88 

3.43 

99.73 

5.17 

99.52 

6.9( 

60 

tt 

1.74 

(> 

3.49 

tt 

6.23 

99.51 

6.9( 

c4-/=    .75 

.75 

.01 

.75 

.0-2 

.75 

.03 

.75 

.« 

c--/=1.00 

1.00 

.01 

1.00 

.03 

1.00 

.04 

1.00 

.0( 

C+f=  1.25 

1.25 

.02 

1.25 

.03 

1.25 

.05 

1.25 

.a 
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Tablb  X. 

STADIA   KSDUCTIONS  FOB  RBADINO  100k 


4 

0 

5 

o 

€ 

r 

7 

o 

Minutes. 

^mmmmm  mm  90^0999 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

DIst. 

Elev. 

Dist. 

Elev. 

Dift. 

Elev. 

Dist. 

Elev. 

(K 

99.51 

6.96 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

S 

t« 

7.03 

99.23 

8.74 

96.90 

10.45 

96.60 

13.15 

i 

99.60 

7.07 

99.22 

8.80 

98.88 

10,6] 

98.48 

12.21 

6 

99.49 

7.18 

99.21 

8.80 

98.87 

10.67 

98.47 

13.26 

8 

99.48 

7.19 

99.20 

8.91 

98.86 

10  63 

98.46 

12.83 

10 

99.47 

7.29 

99.19 

8.97 

98.86 

10.68 

98.44 

12.88 

12 

99.46 

7.80 

99.18 

9.08 

98.83 

10.74 

98.48- 

13.48 

14 

u 

7.36 

99.17 

9.08 

98.82 

10.79 

98. 4t 

13.49 

16 

99.45 

7.43 

99.16 

9.14 

98.81 

10.85 

98.40 

13.56 

18 

99.44 

7.48 

99.15 

9.20 

98.80 

10.91 

98.30 

18.60 

20 

99.48 

7.58 

99.14 

9.25 

96.78 

10.96 

98.87 

13.66 

22 

99.42 

7.69 

99.18 

9.81 

98.77 

11.03 

98.38 

13.73 

24 

99.41 

7.65 

99.11 

9.37 

98.76 

11.08 

98.34 

13.77 

28 

99.40 

7.71 

99.10 

9.43 

98.74 

11.13 

98.88 

13.88 

28 

99.39 

7.76 

99.09 

9.48 

98.73 

11.19 

98.81 

12.88 

ao 

99.38 

7.83 

99.08 

9.54 

98.72 

11.25 

98.29 

13.94 

82 

99.38 

7.88 

99.07 

9.60 

98.71 

11.30 

98.28 

18.00 

84 

99.37 

7.94 

99.06 

9.66 

98.69 

11.36 

98.27 

13.06 

SO 

99.36 

7.99 

99.05 

9.71 

98.68 

11.43 

98.25 

18.11 

88 

99.35 

8.0S 

99.04 

9.T7 

98.67 

11.47 

98.24 

18.17 

40 

99.34 

8.11 

99.03 

9.83 

98.66 

11.63 

98.29 

13.22 

42 

99.38 

8.17 

99.01 

9.88 

96.64 

11.69 

98.26 

18.28 

44 

99.82 

8.22 

99.00 

9.94 

98.63 

11.64 

98.19 

18.33 

40 

99.81 

8.28 

98.99 

10.00 

98.61 

11.70 

98.17 

18  39 

48 

99.30 

8.84 

98.98 

10.05 

98.60 

11.76 

98.18 

13.45 

50 

99.29 

B.40 

96.97 

10.11 

^98.58 

11^1 

98.14 

13.60 

53 

99.28 

8.45 

96.96 

10.17 

96.57 

11.87 

98.18 

18.66 

54 

99.27 

8.51 

98.94 

10.22 

98.56 

11.98 

98.11 

13.61 

58 

99.26 

8.67 

98.93 

10.28 

98.64 

11.98 

08.10 

18.67 

58 

99.25 

8.63 

96.92 

10.34 

98.58 

12.01 

98.08 

18.73 

60 

99.24 

8.68 

98.91 

10.40     98.61 

12.10 

98.08 

18.78 

H 

h/=    .75 

.75 

.06 

.75 

.07         .75 

.08 

.74 

.10 

- 

-/=1.00 

1.00 

.03 

.99 

.09         .99 

.11 

.99 

.18 

- 

-/=1.25 

1.25 

.10 

1.24 

.11       1.24 

.14 

1.24 

.18 
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Tablb  Z. 

flTADTA   BEimCnONS  FOR  RBADINO  KNX 


1 

8 

o 

9 

• 

10* 

IV 

Mlnntiw. 

jM  ■■■■■!  no» 

Hor. 

I>MT. 

Hor. 

IHff. 

Hor.      DUr. 

Hor.      Zm 

Dist. 

Elev. 

Dist. 

Elev. 

Diflt.     Elev. 

Dist.     Efe 

(K 

98.06 

18.78 

97.55 

15.45 

96.98    17.10 

96.36    18,', 

2 

96.05 

13.84 

97.53 

15.51 

96.96    17.16 

96  84    18.1 

4 

98.03 

13.89 

97.50 

15.56 

96.94    17.21 

96.32    184 

6 

98.01 

13.95 

97.50 

15.62 

96.92    17.28 

96.20    18.C 

8 

96.00 

14.01 

07.48 

15.67 

96.90    17.S 

96.27    18.S 

10 

97.96 

14.06 

97.46 

15.73 

96.88    17.87 

96.26    19.( 

IS 

97.97 

14.12 

97.44 

15.78 

96.86    17.48 

96.28    19.( 

14 

07.95 

11.17 

97.43 

15.84 

96.84    17.48 

96.21    19.1 

16 

97.93 

14.23 

97.41 

15.89 

96.82    17.54 

96.18    19.1 

16 

97.92 

14.28 

97.39 

15.95 

96.80    17.50 

96.16    19.S 

ao 

97.90 

14.84 

97.37 

16.00 

96.78    17.65 

96.14    19.S 

as 

07.88 

14.40 

97.35 

16.06 

96.76    17.70 

06.12    19.2 

SI 

97.87 

14.45 

97.33 

16.11 

96.74    17.76 

96.00    19.2 

26 

97.85 

14.51 

97.31 

16.17 

96.72    17.81 

96.07    19.4 

28 

97.83 

14.56 

97.29 

16.22 

96.70    17.86 

96.06    19.4 

60 

97.82 

14.68 

97.28 

16.28 

96.6B    17.88 

96.06    19.S 

83 

97.80 

14.67 

97.26 

16.83 

96.66    17.97 

96.00    19.2 

84 

97.78 

14.73 

97.34 

16.89 

96.64    18.08 

05.98    19.C 

86 

97.76 

14.79 

97.22 

16.44 

96.62    18.06 

05.96    19.; 

88 

97.75 

14.84 

97.20 

16.50 

96.60    18.14 

95.96    19.; 

40 

97.78 

14.90 

97.18 

16.56 

96.57    18.19 

95.n    i9.e 

4S 

97.71 

14.96 

97.16 

16.61 

96.56    18.24 

95.80    19.fi 

44 

97.69 

15.01 

97.14 

16.66 

96.53    18.80 

96.86    19.S 

46 

97.68 

15.06 

97.12 

16.72 

96.51    18.85 

96.84    19.S 

48 

97.66 

15.12 

97.10 

16.77 

96.49   J8.41 

96.8B    aO.C 

50 

97.64 

15.17 

97.06 

16.83 

96.47    18.46 

95.70  ao.c 

5S 

97.62 

15.23 

97.06 

16.88 

96.45    18.51 

96.77    20.1 

&4 

97.61 

15.28 

97.04 

16.94 

96.42    18.97 

96.75    20.1 

66 

97.59 

15.34 

97.02 

16.99 

96.40    18.68 

96.72    20.:! 

58 

97.57 

15.40 

97.00 

17.06 

96.38    18.68 

95.70    2D.S 

60 

97.55 

15.46 

96.9S 

17.10 

96.86    18.73 

96.88    20.1 

c- 

h/=    .75 

.74 

.11 

.74 

.12 

.74        .14 

.78       .1 

c- 

-/  =  v.oo 

.  JJ 

.15 

.99 

.16 

.96       .18 

.96       J 

c- 

-/=1.25 

1.28 

.18 

1.23 

.21  !    1.23        .28 

1.2S       .i 
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TablB'X. 
stadia  beductions  fob  rbadinq  lool 


12** 

18** 

14** 

15*       1 

Minutes 

^MM,mmM%AV^fam 

Hor. 

Diff. 

Hor. 

DIff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

C 

95.68 

20.34 

94.94 

21.92 

94.15 

23.47 

98.30 

25.00 

2 

95.65 

20.39 

94.91 

21.97 

94.12 

28.52 

93.27 

25.05 

4 

95.63 

20.44 

94.89 

22.02 

94.09 

28.58 

93.24 

25.10 
25.15 

6 

95.61 

20.50 

94.86 

22.08 

94.07 

28.68 

93.21 

8 

95*58 

20.56 

94.84 

22.18 

94.04 

23.68 

93.18 

25.20 

10 

95.56 

20.60 

94.81 

22.18 

94.01 

28.78 

93.16 

25.25 

12 

96.53 

20.66 

94.79 

22.23 

93  98 

23.78 

98.13 

25.30 

14 

C5.51 

20.71 

94.76 

22.28 

93.95 

23.88 

93.10 

25.35 

10 

95.49 

20.76 

94.73 

22.34 

9:5.03 

23.88 

93.07 

25.40 

18 

95.46 

20.81 

94.71 

22.89 

93.90 

23.93 

93.04 

25.45 

ao 

95.44 

20.87 

94.68 

22.44 

98.87 

28.99 

93.01 

25.50 

23 

95.41 

20.92 

94.66 

22.49 

93.84 

24.04 

92.98 

25.55 

24 

95.89 

20.97 

94.68 

22.54 

93.81 

24.09 

92.95 

25  60 

26 

95.36 

21.03 

94.60 

2i.60 

93.79 

24.14 

92.92 

25.65 

28 

95.34 

21.08 

94.58 

22.65 

93.76 

24.19 

92.89 

25.70 

ao 

95.32 

21.18 

94.55 

22.70 

93.73 

24.24 

92.86 

25.75 

82 

95.29 

21.18 

94.52 

22.76 

93.70 

24.29 

92  88 

25.80 

34 

95.27 

21.24 

94.50 

22.80 

93.67 

24.34 

92.80 

25  85 

36 

95.24 

21.29 

94.47 

22.85 

93.65 

24.39 

92.77 

25.90 

38 

95.22 

21.84 

94.44 

22.91 

93.62 

24.44 

92.74 

2(^.95 

40 

95.19 

21.89 

94.42 

22.96 

93.59 

24.49 

92.71 

26.00 

42 

95.17 

21.45 

94.39 

28.01 

93.56 

24.55 

92  68 

26.05 

44 

95.14 

21.50 

94.36 

28.06 

93.53 

24.60 

92.65 

26.10 

46 

95.12 

21.55 

94.34 

23.11 

93.50 

24.65 

93.62 

26.15 

48 

95.09 

21.60 

94.81 

28.16 

93.47 

24.70 

92.50 

26.20 

&0 

•95.07 

21.66 

94.28 

23.22 

93.45 

24.76 

92.56 

26.25 

52 

95.04 

21.71 

94.26 

28.27 

93.42 

24.80 

92.58 

26.30 

54 

95.02 

21.76 

94.28 

28.32 

98.39 

24.85 

92.49 

26.35 

56 

94.99 

21.81 

94.20 

28.37 

93.36 

24.90 

92.46 

26.40 

58 

94.97 

21.87 

94.17 

23.42 

93.33 

24.95 

92.43 

26.45 

60 

94.94 

21.92 

94.15 

28.47 

93.30 

25.00 

92.40 

26.50 

c4-/=    .75 

.73 

.16 

.78 

.17 

.73 

.19 

.72 

.20 

c-4-/=  1.00 
C-|-/=1.25 

.98 

.22 

.97 

.28 

.97 

.26 

.96 

.27 

1.22 

.27 

1.21 

.29 

1.21 

.81 

1.20 

.34 

«( 


Ti 
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»                 27                 »                 3»" 

MitttlMlt 

r 

'IMst. 

INK.  -Sor. 

INK.    3B*iT. 
Wkk.   OitaL. 

nor. 

mm  m>M 
nm  mm 

KL.K> 

jr.ii;  •  »ji5 
jKii'    mm 

.9BJ» 
MM 

mm 

mm 
•mm 
mm 
mm 
mm 
mjm 

mm ! 
mx:  i 
iDje 

ID  .87 

If 

n.7»  mm 

-KM 

vn.n 

JBJB> 

BDJM 

•0.14 
iM).ll 

MM 

m.-n 
m:m 
mm 
mm 
mm 

Bl.B 
&.JD 
BUS 

1 

itf.-vr  /ran 

VI. id; 

WW 

■ve.w 

W;0r 

iM):H 

W.9D 
W.K* 

MM 
»M 

mm 
mm 
mm 

mm 
mm 
mjm 
mm 
mjm 

■&.16- 
JI1.49  ^ 

&.& 
«  49 

zim 

S.49 

m 

0 

w.ie 

w.rv 

W.TT; 

«o.w 

«0.«6 
«0.« 

19.09 
99.9 

mm 
mjm 

mm 

«.71 

«.17 

% 

mM  iff.tff 

Vf.96 
V^.» 

V9.4V 
V9,« 
V9.« 

9.111 ! 

W.IS 

w.Te 

mjc 
mM 
mm 
msk 
mM 

mm 
mm 

96.99 
9S.9i 
flB.4i 

31.71 
31  .^ 
31.S 
31.87 
31 .« 

m 

,:  \  f  ^  |,W 

'  i  /  -  1  » 

VI, on  w.-n 

VI, »    5f7,<*l 
VI  ,W    3f7,*« 
Vl,4><    n.VI 
VI  4&    «7.V« 

.7«        .!rt 

V9.S& 

vo,w 

va,i« 

V0.45 

W.9 

29.90 

t9.47 
9.44 
89.40 

m.m 

m.m 
mm 

».74 
99.79 

86.49 
86.41 

86.39 
86.31 

86.99 

31.99 
39.91 

»m 

32.09 
3S.14 

.23 
.90 
.^8 

.71 

.95 

1.19 

.94 
.99 
.49 

.71 

.94 

1.18 

.95 
.3S 

.41 

TABLES. 


657 


Table  X. 

STADIA  REDUCTIONS  FOR  READING  100. 


20° 

21** 

22° 

23" 

MimitiAR 

• 

JULtLIUVwO* 

Hor. 

DIff. 

Hor. 

Diff. 

Hor. 

DIff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

(y 

88.30 

82.14 

87.16 

38.46 

85.97 

84.78 

84.73 

35.97 

2 

88.26 

32.18 

87.12 

33.50 

85.93 

34.77 

84.69 

30.01 

4 

88.23 

82.23 

87.08 

33.54 

85.89 

34.82 

84.66 

36.05 

6 

88.19 

32.27 

87.04 

33.59 

85.85 

84.86 

84.61 

36.09 

8 

88.15 

32.32 

87.00 

33.63 

85.80 

34  90 

84.57 

36.13 

10 

88.11 

82.86 

86.96 

83.67 

85.76 

34.94 

84.52 

86.17 

12 

88.08 

82.41 

86.92 

33.72 

85.72 

34.98 

84.48 

36.21 

14 

88.04 

82.46 

86.88 

83.76 

85.68 

.36.02 

84.44 

36.25 

16 

88.00 

32.49 

86.84 

33  80 

85.64 

85.07 

84.40 

36.29 

18 

87.96 

32.54 

86.80 

83.84 

85.60 

35.11 

84.36 

36.33 

30 

87.93 

82.58 

86.77 

83.89 

85.56 

36.15 

84.31 

36.37 

22 

87.89 

82.63 

86.73 

88.93 

85.52 

35.19 

84.27 

36.41 

2i 

87.85 

32.67 

86.69 

.S3. 97 

85.48 

85.28 

84.23 

36.45 

26 

87.81 

32.72 

86.65 

34.01 

85.44 

85.27 

84.18 

36.49 

28 

87.77. 

32.76 

86.61 

34.06 

85.40 

35.31 

84.14 

36.53 

30 

87.74 

32.80 

86.57 

34.10 

85.36 

36  36 

84.10 

36.57 

32 

87.70 

82.85 

86.53 

84.14 

85.31 

85.40 

84.06 

36.61 

34 

87.66 

32.89 

86.49 

34.18 

85.27 

35.44 

84.01 

36.65 

36 

87.62 

82.93 

86.45 

34.23 

85.23 

35.48 

83.97 

36.69 

38 

87.58 

32.98 

86.41 

84.27 

85.19 

36.52 

83.93 

36.73 

40 

87.54 

33.02 

86.37 

84.31 

85.15 

86.56 

83.89 

36.77 

42 

87.51 

83.07 

86.33 

34.35 

85.11 

85.60 

83.84 

36.80 

44 

87.47 

33.11 

86.29 

84.40 

85.07 

35.64 

83.80 

86.84 

46 

87.43 

33.15 

86.25 

34.44 

85.02 

35.68 

88.76 

36.88 

48 

87.39 

38.20 

86  21 

34.48 

84.98 

85.72 

83. 7« 

36.92 

50 

87.35 

1 

33.24 

88.17 

84.52 

84.94 

86.76 

83.67 

36.96 

52 

87.31 

83.28 

86.13 

84.57 

84.90 

85.80 

83.63 

37.00 

54 

87.27 

83.38 

86.09 

34.61 

84.86 

35.86 

83.59 

37.04 

56 

87.24 

38.37 

86.05 

84.65 

84.82 

85.89 

83.54 

37  08 

58 

87.20 

33.41 

86.01 

84.69 

84.77 

35.93 

88.50 

37.12 

60 

87.16 

33.46 

85.97 

84.78 

84.73 

85.97 

83.46 

37.16 

c+/=    .75 

.70 

.26 

.70 

.27 

.69 

.29 

.69 

.80 

c+/=  1.00 

.94 

.35 

.93 

.37 

.92 

.38 

.92 

.40 

cH-/=  1.25 

1.17 

.44 

1.16 

.46  1    1.15 

.48 

1.15 

.50 
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Table  X. 

STADIA  REDrcnONS  FOR  READING  1(K). 


24' 

25'' 

26** 

27- 

Minutes. 

Hor. 

Diflf. 

Hor. 

DIff. 

Hor. 

Diff. 

Hor.      Pif 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist.     Ele^ 

(K 

83.46 

87.16 

82.14 

88.80 

80.78 

39.40 

79.39    40.4 

2 

83.41 

37.20 

82.09 

88.84 

80.74 

89.44 

79.34    404 

4 

83.37 

37.23 

82.05 

88.38 

80.69 

89.47 

79.90    40.S 

6 

83.33 

37.27 

82.01 

88.41 

80.65 

89.51 

79.25    40.£ 

8 

83.28 

37.31 

81.96 

88.45 

80.60 

89.54 

79.20    40.! 

10 

83.24 

87.85 

81.92 

38.49 

80.56 

89.58 

79.15    40.( 

12 

83.20 

87.39 

81.87 

38.58 

80.51 

89.61 

79.11    40.( 

14 

83.15 

37.43 

81.83 

88.56 

80.46 

89.65 

79.06    40.< 

16 

83.11 

87.47 

81.78 

88  60 

80.41 

89.69 

79.01    40.^ 

18 

83  07 

37.51 

81.74 

38.64 

80.37 

89.72 

78.96    40.'; 

20 

83.02 

87.54 

81.69 

38.67 

80.32 

89.76 

78.93    40.^ 

22 

82.98 

87.58 

81.65 

38.71 

80.28 

89.79 

78.87    40.f 

24 

82.93 

87.6i 

81.60 

88.75 

80.23 

89.83 

78.SS    40.( 

28 

82.89 

87.66 

81.56 

38.78 

80.18 

89.86 

78.77    40.1 

28 

82.85 

37.70 

81.51 

88.82 

80.14 

89.90 

78.73    40.1 

80 

82.80 

37.74 

81.47 

38.86 

80.09 

89.93 

78.68    40.1 

32 

82.76 

87.77 

81.42 

38.89 

80.04 

89.97 

78.68    40.1 

34 

82.72 

87.81 

81.38 

38.93 

80.00 

40.00 

78.58    41.< 

86 

82.67 

87.85 

81.33 

38.97 

79.95 

40.04 

78.54    41  .< 

38 

82.63 

37.89 

81.28 

89.00 

79.90 

40.07 

78.49    41 .( 

40 

82.58 

87.93 

81.24 

39.04 

79.86 

40.11 

78.44    41.1 

42 

82.54 

37.96 

81.19 

39.08 

79.81 

40.14 

78.80    41.1 

44 

82.49 

38.00 

81.15 

89.11 

79.76 

40.18 

78.34    41.1 

46 

82.45 

38.04 

81.10 

39.15 

79.72 

40.21 

78.80    41.S 

48 

82.41 

38.08 

81.06 

39.18 

79.67 

40.24 

78.25    41.S 

50 

82.36 

38.11 

81.01 

39.22 

79.62 

40.28 

78.20    41.i 

52 

82.32 

38.15 

80.97 

39.26 

79.58 

40.81 

78.15    41.8 

54 

82.27 

38.19 

80.92 

39.29 

79.63 

40.35 

78.10   4i.a 

56 

82.23 

38.23 

80.87 

39.33 

79.48 

40.38 

78.06    41  .a 

58 

82.18 

38.26 

80.83 

39.36 

79.44 

40.42 

78.01    41.4 

60 

82.14 

38.30 

80.78 

89.40 

79.89 

40.45 

77.96    41.4 

c+/=    .75 

.68 

.81 

.68 

.32 

.67 

.83 

.66        .8 

c-+-/=1.00 

.91 

.41 

.90 

.43 

.89 

.45 

.80       .4 

cH-/=  1.25 

1.14 

.52 

1.13 

.54 

1.12 

.56 

1.11        .6 
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0 

1 

2 
8 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
26 
26 
27 
28 
29 
90 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
58 
54 
55 
56 
57 
68 
59 


0- 


.00000 
.01667 
.03333 
.06000 
.06667 
.08333 
.10000 
.11667 
.13333 
.15000 
.16667 

.18883 
.20000 
.21667 
.23333 
.25000 
.26667 
.28333 
.30000 
.31667 
.33333 

.85000 
.36667 
.38383 
.40000 
.41667 
.43333 
.45000 
.46667 
.48a33 
.50000 

.51667 
.53333 
.55000 
.56667 
.58333 
.60000 
.61667 
.63333 
.65000 
.66667 

.68333 
.70000 
.71667 
.73333 
.75000 
.76067 
.78333 
.80000 
.81667 
.83333 

.85000 
.86667 
.88333 
.90000 
.91667 
.93388 
.95000 
.96667 
.98888 


10- 


00278 
.01944 
.03611 
.05278 
.06944 
.08611 
.10278 
.11944 
.J3611 
.15278 
.16944 

.18611 
.20278 
.21914 
.23611 
.25278 
.26944 
.28611 
.30278 
.31944 
.88611 

.85278 
.36944 
.88611 
.40278 
.41944 
.43611 
.45278 
.46944 
.48611 
.50278 

.51944 
.53611 
.55278 
.56944 
.58611 
.60278 
.61944 
.63611 
.65278 
.66944 

.68611 
.70278 
.71944 
.73611 
.75278 
.76944 
.78611 
.80278 
.81944 
.83611 

.85878 
.86944 
.88611 
.90278 
.91944 
.93611 
.95278 
.96944 
.96611 


16' 


or     I    lOr    \ 


0O417 
02083 
03750 
06417 
07083 
06750 
10417 
12063 
13750 
15417 
17083 

18750 
20417 
22083 
23750 
26417 
27088 
28760 
30117 
32063 
83750 

86417 
37063 
38750 
40417 
42063 
48750 
45417 
47088 
48750 
50417 

62063 
53760 
65417 
67063 
68750 
60417 
62063 
63750 
65417 
67063 

68750 
70417 
72063 
73750 
76417 
77068 
78760 
8M17 
82063 
83760 

86417 
87068 
88780 
90417 
92088 
98750 
96417 
97068 
96750 

16' 


20' 


.00666 
.02222 
.08889 
.06556 
.07222 
.08889 
.10666 
12222 
! 18889 
.16556 
.17222 

.18889 
.20666 

! 23889 
.26556 
.27222 
.28889 
.30556 
32222 
!8d889 

.85666 
.87222 
.88889 
.40666 

!48889 
.46556 
.47222 
.48889 
.50656 

.62222 
.53889 
.55556 
.6?222 
.58889 
.60556 
62222 
!63889 
.66556 
.6?222 

.68889 
.70556 
.72222 
.78889 
.75666 
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.58007 

.72393 

.05003 

.53470 

-79419 

.5S016 

.7  278 

JB40a 

.BUU 

i!b6$91 

.51085 

.7  ira 

.00443 

.06446 

51 

10 

■j354a 

l.Sfl7M) 

issiz 

:7B174 

.68124 

.72047 

.00483 

.66337 

U 

J35S2 

1J>6630 

1.79051 

.58162 

.7  932 

.«B22 

49 

12 

.53620 

.Si**? 

.7  817 

.00662 

.M120 

48 

13 

.53037 

lilraea 

.55926 

178S07 

JS240 

.7  702 

.60602 

.MOIl 

47 

^m 

1.8fl23fl 

1.7Sa«6 

.68279 

.94903 

.68318 

'.7  173 

'.mM 

.S47U 

i-SfiMl 

.7  358 

.60721 

.64087 

44 

:53307 

i:85S50 

.5607B 

1:73319 

:5.«39fl 

.60701 

.64679 

43 

.538^4 

1,S57?0 

l,7S198 

.58135 

19 

!56I56 

.68474 

.7  015 

.60811 

.643M 

M 

:53B20 

i:!«482 

.5*194 

i;77955 

.70901 

.00881 

.64256 

40 

.53357 

1.85333 

1.77BS4 

JIS5J2 

.707S7 

3t 

32 

;sn27fl 

1.77713 

.70673 

.eoBto 

.64041 

18 

za 

I5J032 

l!>t.»75 

.56301! 

1.77592 

.ucsi 

JIIOOO 

r 

.54070 

.84W6 

1.77171 

.58070 

.54107 

1.77351 

^8709 

jiioso 

.63719 

15 

zn 

Ifufise 

!5n424 

.61120 

.63612 

H 

17 

.54133 

.84.SG1 

.50462 

JOIDB 

.  1160 

.6SS0S 

13 

J542ai 

JI4433 

.56501 

i:7B»90 

.69992 

.r.339« 

C 

S9 

.54258 

,84305 

.5r,5.'W 

.ei240 

.63292 

31 

30 

J«B6 

1.84177 

.58577 

!:7a749 

iS905 

:^w 

.61230 

1.63189 

» 

.54333 

.56616 

1.  6029 

.68944 

.69663 

.63079 

21 

32 

.51371 

1. 8.1922 

.5r.n54 

.58083 

.69541 

.62972 

28 

33 

.54400 

.83794 

JO093 

l!  11390 

.59022 

.RZS66 

17 

.54446 

,56731 

1.  r271 

.59061 

:693ia 

.62760 

26 

35 

:33540 

.56700 

.59101 

.09203 

.     480 

.62651 

« 

W 

.54522 

.83413 

.5680S 

\.  6032 

.59140 

.09091 

.  1S20 

.62S48 

24 

J4560 

.33286 

1.  .M13 

.59179 

.68970 

.62442 

21 

3S 

I.  .5794 

J9aia 

.08896 

.62336 

3S 

.64635 

!83033 

.59258 

,6'!764 

.  1641 

.62230 

21 

40 

ja673 

.32906 

i:5556 

J029T 

.68643 

.61681 

X 

.64711 

I.827S0 

.5700C 

1.  5437 

.08531 

.61721 

.62019 

It 

1.  5319 

.59376 

.01761 

.01914 

18 

U 

:S252fl 

1.  S200 

.59115 

:fiSB08 

.01  («1 

.61806 

". 

!54»24 

.82  02 

!5  116 

JW54 

.68196 

U 

.54S62 

1.H2  7r. 

.5  155 

.5ft494 

.es(»5 

.31882 

.61593 

1:  4846 

.59533 

.61922 

.61493 

iLsJoss 

1.1726 

.50573 

:678oa 

.11962 

.61388 

'! 

!.>»»75 

i.?i  sfl 

.67762 

.62003 

12 

:5  309 

.67641 

.62043 

1.61179 

50 

issosi 

t:  4376 

J9691 

.62033 

1.61074 

ID 

SI 

.5.^2 

1.81524 

.5-386 

1.74257 

JiB730 

.67419 

.62124 

l.«»70 

9 

.S-42S 

1.711+0 

.59770 

.87309 

.621114 

1.00865 

A3 

!s-^M 

.MS09 

.62204 

J 

54 

.5.i203 

l!-:iiaO 

'M  ao3 

l!f390i 

.69849 

:67(1S8 

I.0OS57 

s 

.533  H 

.5-541 

i.7a7s« 

.66978 

.62286 

I.6069B 

s 

1.73671 

.6«S67 

.02325 

1.00449 

4 

57 

i^iio:?" 

1.735,'!5 

.62366 

* 

SD 

l.SOr.^3 

1.73438 

:06647 

.62406 

1:00241 

1 

1.SW2fl 

!67(i91 

.G8.«8 

.^446 

1.60137 

^^j..55«, 

.57735 

1:73205 
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«! 

37°           1 

R° 

3. 

° 

L 

TV^ 

Cowng 

tSV 

Cotnns 

T^ 

Colsn» 

Tang 

.37633 

.32704 

,27994 

TsMTS 

,23490 

'.-iWi 

.7aTJ3 

:32544 

:782a2 

127841 

58 

.727S8 

.373Sa 

.75492 

,32104 

,78280 

.27704 

.81123 

.7283! 

.7fi53S 

.81171 

.31220 

55 

;37134 

:7M10 

:37S3S 

.81208 

5 

.72fl(Hi 

.370.50 

,73075 

.78457 

J7458 

.81310 

.73010 

.81384 

5 

!3eMI3 

J7306 

122831 

61 

173100 

.30800 

:76S12 

isieoi 

:735B8 

JTMO 

.81481 

.32758 

60 

.71144 

.30710 

.75853 

I.31S2S 

.7GS4E 

.27163 

.81610 

.22636 

49 

.731SB 

.7590 

.i>ei2 

48 

.J9649 

.759S0 

isieoo 

JIOQO 

.32630 

«7 

.BS4M 

,7399 

.81588 

^1665 

j»ta7 

46 

.30383 

.31507 

.81703 

46 

.30300 

',7(!0BR 

.23331 

44 

;73413 

.38217 

.70134 

:31348 

:7892( 

.20698 

.12140 

41 

.73457 

.38134 

.701» 

,31209 

.789711 

,28022 

.22170 

.73603 

.31100 

41 

.73M7 

'.imi 

:7ai7a 

.31110 

:7907C 

:va47i 

J!20»1 

40 

.7asei 

asm 

.7031 

.31031 

.79111 

,  8305 

.81996 
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n 

.71837 

.7030 

.82044 

.2  S86 

'jwxi 

.7841 

:30B73 

:7fi2i: 

.82002 

.2  81 

37 

.33637 

.7843 

.30796 

.79289 

.  0189 

.82141 

.    71 

» 

.SUM 

.78MU 

.30716 

.79BO( 

.26093 

.SSIOC 

.    87 

3! 

.33472 

.30837 

.26018 

smt 

14 

:7JMi 

.S09S8 

179401 
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31 

.73901 

:3li307 

.304TO 

.79449 
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B 

.739S1 

.3S2a4 

.80401 

.7949e 

XOM 

J2sa 

n 

J87S3 

.30323 

.79544 

.83184 

JlllO 

» 

.7«H1 

.39080 

.78776 

.30244 

.79591 

.  6M3 

J3I8 

» 

.34B7S 

.9039 

.  5507 

.     16 

» 

.  908e 

S  00 

SI 

:74171i 

:34S14 

JSBIS 

:3noo9 

J6417 

^2628 

JIB 

M 

.71221 

.34732 

.  89flJ 

.29931 

'.  9781 

.36343 

^13678 

.300E 

fl 

.  9821 

J1S268 

.82727 

14 

1743 12 

.35103 

.82778 

130808 

21 

.74387 

:34487 

;  7103 

.25118 

JE0738 

n 

.74402 

.3440S 

.  7140 

.20018 

.  9972 

1.2*044 

JBR74 

.20065 

.74447 

.77100 

.80020 

1.  4969 

.82023 

.20691 

» 

.74492 

,34242 

.77242 

.20403 

.80007 

.  4«95 

,82972 
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II 

■ 

.74B3S 

.29385 

.80115 

.  4820 

.S3032 

■ 

.  4748 

.83071 

17 

!74BJS 

lasBoe 
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il0211 

.24673 

.83130 

H 

■ 

.74074 

.33918 

.20152 

.8025'! 

J4S97 

.83109 

11 

.33835 

.  4523 

.83218 

'.7  521 

128997 

Ji4449 

.83208 

120096 

11 

JISIO 

:33P73 

,7  808 

.28919 

.83317 

.20024 

It 

■ 

JlSiS 

.33392 

,7  Olfi 

,28^42 

.80450 

:  4301 

.83300 

,19053 

50 

.74000 

,30498 

.24227 

.83415 

.19882 

.7194B 

.33430 

,28807 

.S054U 

.33405 

.19811 
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.74991 

.33349 

.77754 

.^0694 

.24079 

Ji3514 
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.33288 
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.33020 
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.83811 
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TABLE   XVI.— SQUARES,  CUBES,  SQUARE  ROOTS. 


No. 

1 
Squares. 

r 

Cubes. 

Square 
Roots. 

1 

1 

1 

1.0000000 

2 

4 

8 

1.4142136 

3 

9 

27 

1.7320608 

4 

16 

64 

2.0000000 

6 

25 

125 

2.2360680 

6 

36 

216 

24494897 

7 

49 

3^ 

2.6457513 

8 

64 

5U 

2.8284271 

9 

81 

?^ 

8.0000000 

10 

100 

1000 

8. 1622*/'/'/ 

11 

121 

1331 

8.8166248 

12 

144 

1728 

8.4641016 

13 

169 

2197 

3.6055513 

14 

196 

2744 

8.7416574 

15 

225 

8375 

8.8?.!96R3 

18 

256 

4096 

4.0000000 

17 

289 

4913 

4.1281056 

18 

324 

5832 

4.2426407 

19 

361 

6859 

4.8588969 

20 

400 

8000 

4.4721360 

21 

441 

9261 

4.5825757 

22 

484 

10648 

4.6904158 

23 

529 

12167 

4.7968315 

24 

576 

13824 

4.8989795 

25 

625 

15625 

5.0000000 

26 

676 

17576 

5.0990195 

27 

729 

19683 

5.1961524 

28 

784 

21952 

5.2915026 

29 

841 

24389 

5.3851648 

80 

900 

27000 

5.4772266 

81 

961 

29791 

5.5677644 

32 

1024 

32768 

5.6568542 

33 

1069 

35937 

5.7445626 

34 

1156 

39304 

5.8309519 

35 

1225 

42875 

5.9160798 

36 

1296 

46656 

6.0000000 

87 

1369 

50653 

6.0627625 

38 

1444 

54872 

6.1644140 

39 

1521 

59319 

6.2449980 

40 

1600 

64000 

6.3245553 

41 

1681 

68921 

6.4031242 

42 

1764 

74068 

6.4807407 

43 

1849 

79507 

6.5574385 

44 

1936 

85184 

6.6332196 

46 

2025 

91125 

6.7062089 

46 

2116 

97336 

6.7828300 

47 

2209 

108823 

6.8566546 

48 

2304 

110592 

6.9282032 

49 

^401 

117649 

7.0000000 

50 

2500 

125000 

7.0710678 

51 

2601 

132651 

7.1414284 

52 

2704 

140606 

7.2111026 

53 

2809 

148877 

7.2801099 

M 

2916 

157464 

7.8484692 

55 

3025 

166375 

7.4161965 

56 

3136 

175616 

7.4833148 

57 

3249 

185198 

7.5498M4 

59 

3364 

195112 

7.6157731 

59 

3481 

205379 

7.6811457 

60 

3600 

216000 

7.7459667 

61 

3721 

226961 

7.8102497 

62 

3844 

286828 

7.8740079 

Cube  Roots. 

Reciprocals. 

1.0000000 

1.000000000 

1.2599210 

.500U00000 

1.4422496 

.333333333 

1.5874011 

.250000000 

1.7099759 

.200000000 

1.8171206 

.166666667 

1.9129312 

.142857143 

2.0000000 

.125000000 

2.0800837 

.111111111 

2.1544347 

.100000000 

2.2239601 

.090909091 

2.2894286 

.063333333 

2.3513847 

.076923077 

S.4101422 

.071428571 

2.4662121 

.066666667 

2.5196421 

.062500000 

2.5712816 

.058823529 

2.6207414 

.055565666 

2.6684016 

.062631579 

2.7144177 

.050000000 

2.7589248 

.047619048 

2.8020893 

.045454545 

2.8488670 

.043478261 

2.8844991 

.041666667 

2.9240177 

.040000000 

2.9624960 

.038461538 

8.0000000 

.087037037 

3.0365889 

.035714286 

8.0723168 

.034482759 

8.1072825 

.033333883 

8.1413806 

.032258065 

8.1748021 

.031250000 

8.2075343 

.030808080 

8.2396118 

.029411765 

8.2710663 

.028571429 

3.3019272 

.02^/77778 

3.3322218 

.027027027 

8.3619754 

.026315780 

8.3912114 

.025641026 

8.4199519 

.025000000 

8.4482172 

.024390244 

8.4760266 

.023809524 

3.5033981 

.023256814 

3.5303183 

.022'/2'«73 

3.5666933 

.022222282 

8.5830479 

.021739130 

8.6088261 

.021276600 

8.6342411 

.020833333 

3.6593057 

.020106163 

8.684C314 

.020000000 

8.7064296 

.019607843 

8.7325111 

.019230769 

8.7562858 

.018867925 

3.7797631 

.018518619 

8.8029525 

.018181818 

8.8258624 

.017857143 

8.8485011 

.017548860 

8.8708766 

.017341379 

8.8929965 

.016949153 

8.9148676 

.016666667 

8.9364978 

.016393443 

8.9678915 

.016129082 

6S3 


CUBE  BOOTS,  AND  BECIFBOCAI& 


No. 

Cubes, 

«; 

CubeRooU.      Re 

a 

BBBO 

sswwr 

7,08»5B9 

8.9790671 

01587^19 

M 

4DS(t 

<G 

429! 

nassiflis 

m 

43M 

IW749U 

B.liMOSM 

4:0118401 

015151616 

ST 

448» 

)14a3S17S 

«8 

sl^tfviia 

eg 

*76l 

8.3006389 

)i4ia:7M 

m 

4M0 

mxw 

B.36B0003 

4.1S138S3 

4.1408178 

n 

■a 

6338 

aaw:- 

b:sM0O97 

4:i79S390 

1* 

B4Ta 

8. 6038353 

4.1963364 

■a 

Mas 

8.6602540 

0I3I67B96 

G9tS) 

IHBSi 

8:T74BS44 

Diaosroia 

sou 

B.S31T609 

4.3736588 

^^ 

oiaes&w 

80 

8-9143719 

4.3088695 

013GOOCOO 

Bl 

SUl 

Ml -HI 

4.8267187 

W 

m 

418630707 

GiaOISlBS 

M 

TflM 

H3704 

BilKIBU 

4,S7t61Bt 

(ni9una 

K 

7236 

ei41B3 

t.amui 

4.8068^ 

W 

■308 

caeoM 

S.ITHUS5 

oii6i;w7 

TS«B 

eeeaos 

S. 1378791 

01149U63 

T744 

4!44nMoa 

oiiaoaBU 

BB 

7W1 

7019U9 

v.^adomi 

4.4IU7451 

oiixsBse 

SlOO 

resora 

S.4M8330 

omiiiii 

010969011 

W 

MM 

s^iaiaaao 

4.6143574 

M 

8e4» 

BIMSE? 

s.sweuH 

oioTssagB 

M 

O.SKWt? 

416468359 

01063806 

«S 

WTsra 

B.74B7H3 

010636)16 

S8 

Kie 

HB)T36 

ls7BS5VO 

W 

H09 

sisura 

4.6917009 

98 

06U 

4.6104363 

OlOSMEK 

W 

06O1 

b:S418744 

4.BU06N> 

010101010 

100 

10000 

1000000 

lo.ooooooo 

4.uiG«ea 

OlOOOOOOO 

ia»i 

loaoan 

lo.oueras 

4,ns7oo« 

000900990 

10104 

lO.OMcmg 

oooeomt 

101 

]0609 

]0B2;s7 

10.1488816 

4:«875189 

IM 

lOSlS 

1134861 

10.1S803W 

4.70eC6&i 

009at6« 

]IB7fl35 

lo.aioKOS 

4.7170910 

ooossasio 

11330 

19.2KiS30I 

4.73363SS 

OOMSSStt 

11-M9 

]0.8t4l»(M 

4.r47Ki)4 

0I)9»57M 

loe 

116M 

lo.netots 

4.;flKosa 

oina5ME« 

iw 

11881 

LDtaiSS 

lO.tUMOK 

0aU1713U 

110 

laoo 

]S3iooa 

4.7ffl4I99 

oosoaom 

13331 

io,s.w«3a8 

4.»l3»6fi 

lO.BBSOOM 

4.830SSUS 

ooees8S7i 

i27ia 

1443897 

00SS19S68 

114 

13996 

lOLmma 

Jbiwoio 

1^35 

3530873 

lO.Tawuw 

4.8(SS44a 

oceessiu 

laoeoa 

10. 7703396 

4.»7«)090 

ooaeaovn 

117 

]36S» 

10.S1B85SS 

4. 8909732 

ooa54noB 

lis 

139W 

lUWOM 

lO.StWSIB 

4.9048681 

lO.lNMTiei 

4.918eai7 

ooauasn 

17-SOOO 

ooessssts 

m 

3161I 

4.9J60frr4 

008864463 

14884 

1816M8 

4.flSB«7E.T 

/ 

1S3 

J3139 

ooeaooii 

/  "" 

]S37B 

1006034 

u'.isaftaBl 

\   *.««»,«» 

ooaoM^ 

TABLE  XVI.— SQUARES,  CfUBES,  SQUABX  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Beoiprooals. 

1S5 

15625 

1958125 

11.1803899 

6.0000000 

.006000UUO 

126 

15876 

8000876 

11.2249722 

6.0182979 

.007986606 

187 

16129 

80488R8 

11.8694277 

5.0866267 

.007874016 

128 

16884 

2097152 

11.8137085 

6.0806848 

.007818600 

129 

16641 

2146689 

U.8678167 

6.0637748 

.007751988 

180 

16900 

8197U00 

11.4017543 

6.0857970 

.007698808 

131 

17161 

8!U8091 

11.446B281 

6.0787531 

.007638688 

132 

17424 

2299968 

11.4891258 

6.0016484 

.007576758 

188 

17689 

2a%2687 

11.6380626 

5.1044687 

.0075167*7 

184 

17966 

0406104 

11.6768369 

5.1178299 

.007468687 

135 

18225 

2460675 

11.6189500 

5.1899278 

.007407407 

180 

18496 

8615456 

11.6619038 

5.1435688 

.0073561941 

187 

18769 

8671858 

11.7046999 

6.1661367 

.007299370 

138 

19044 

2688072 

11. 747^401 

5.1676498 

.007240877 

139 

19321 

8685619 

11.78G8261 

5.1801015 

.007194845 

140 

19600 

8744000 

11.8381596 

6.1984941 

.00n48867 

141 

19881 

8803821 

11.8743421 

5.8048279 

.007008109 

142 

20164 

8863888 

11.9168753 

5.8171034 

.007048864 

143 

20449 

8984807 

11.9588607 

5.8398215 

.006993007 

144 

20786 

8065064 

18.0000000 

6.2414828 

.006944444 

145 

21025 

8048626 

12.0416946 

6.3685879 

.006896568 

146 

21316 

8112186 

18.0880460 

6.8686874 

.006819815 

147 

21609 

8176R2R 

18.1248557 

6.8776321 

.006808781 

148 

21901 

8241792 

12.1656251 

5.2805725 

.000756757 

149 

22201 

8807949 

18.8065556 

6.8014698 

.006711409 

150 

22500 

sflmsooo 

13.^74487 

6.8182988 

.006666667 

151 

22801 

8442951 

12.2882057 

5.3250740 

.OO0a2SI517 

152 

23104 

8611806 

12.3288280 

6.8868038 

.006578047 

153 

28409 

8681577 

18.8608169 

5.8484818 

.006536948 

154 

23716 

8652264 

18.4096736 

5.8601084 

.006493506 

155 

24025 

8728875 

18.4498996 

6.3716854 

.006451613 

156 

24336 

8796416 

12.4899960 

6.8882126 

.006410256 

157 

^1649 

8869893 

12.5299641 

5  8946907 

.006309487 

158 

24964 

3944312 

12.5698051 

6.4061202 

.006320114 

159 

25281 

4019679 

12.6005208 

5.4176015 

.006280806 

160 

25600 

4096000 

18.6401106 

6.4886858 

.006250000 

161 

25921 

4173281 

18.6885775 

6.4401218 

.006211180 

162 

26^4 

4251528 

12.7279221 

6.4513618 

.006178640 

163 

26569 

4880747 

12.7671453 

6.4685556 

.006184869 

164 

26896 

4410944 

12.8068485 

5.47370»r 

.006097661 

165 

27225 

4492125 

12.8452326 

5.4848066 

.006060606 

166 

27566 

4574296 

12.8840987 

6.4958647 

.006024096 

167 

27889 

4657463 

12.9288480 

6.5068784 

.005986084 

168 

282^ 

4741638 

12.9614814 

6.5178484 

.005968861 

169 

28561 

4826809 

18.0000000 

5.5287748 

.oooomoo 

170 

S8900 

4918000 

18.03<M048 

6.6896588 

.006888868 

171 

29^1 

5000211 

18.0766968 

5.5504991 

.005847963 

172 

295e^ 

5088448 

18.1148770 

6.5618978 

.005818963 

173 

29929 

5177717 

18.1689464 

5.5780546 

.005780847 

174 

80276 

6268024 

18.1909060 

5.5887708 

.005747186 

175 

30625 

5869875 

18.3887566 

6.5984447 

.005714866 

176 

30976 

6451776 

18.8604992 

5.6040787 

.005681618 

177 

31329 

6645288 

18.8041347 

6.6146724 

.005649718 

178 

31664 

5689752 

18.8416641 

6.6868268 

.005617P78 

179 

32041 

67S5389 

18.8790682 

6.6867406 

.005586502 

180 

32400 

6632000 

18.4164079 

6.6463168 

.005556666 

181 

82761 

6029741 

18.4686240 

6.6566628 

.005584862 

182 

83124 

6088668 

18.4907376 

6.6670611 

.005494505 

188 

88489 

6188487 

18.6877498 

6.6774114 

.005464481 

184 

83866 

6889604 

18.5646600 

6.6677340 

18S 

84226 

6881685 

18.6014706 

186 

84596 

6484a6d 

18.63S1817 

QW 


CUBE  ROOTS,  AND  RECIPB0CAL8. 


No. 

Squares. 

Cubes. 

Square 
RbotR. 

1 
Cube  Boots.     Beciprocals. 

187 

84969 

6R39203 

13.6747943 

6.7184791 

006347694 

]88 

85344 

6644672 

13.7113092 

5.7286543 

005319149 

109 

85721 

6751269 

13.7477271 

6.7887936 

006291006 

190 

86100 

6859000 

18.7840488 

6.7488971 

005263158 

191 

86481 

6967871 

18.8202750 

6.7569662 

006286602 

190 

86864 

7077888 

18.8664065 

6.7669962 

006206338 

193 

87249 

7189057 

18.8924440 

5.7789966 

006181847 

194 

87636 

7801884 

18.9288883 

5.7889604 

006154689 

195 

88025 

7414875 

13.9642400 

6.7986900      I      . 

005128206 

196 

88416 

7529536 

14.0000000 

6.8067857 

005102041 

197 

88809 

7645873 

14.0356688 

6.8186479 

006076142 

196 

89204 

7762892 

14.0712473 

6.8284767 

005060605 

199 

89601 

7880599 

14.1067360 

6.8382725 

006025126 

200 

40000 

6000000 

14.1421356 

6.8480366 

006000000 

201 

40401 

8120601 

14.1774469 

5.8577660 

004975124 

202 

40604 

8242406 

14.2126704 

6.8674648 

004960496 

208 

41209 

6365427 

14.2478068 

6.8771807 

004926106 

204 

41616 

8489664 

14.2628569 

6.8867653 

004901961 

206 

42025 

8615125 

14.3178211 

6.8963685 

00487B049 

206 

42486 

8741816 

14.3527001 

5.9059406 

004854869 

207 

42849 

8869743 

14.3874946 

6.9164817 

004890918 

206 

48264 

8996912 

14.4222051 

6.9249921 

004807698 

209 

43681 

9129829 

14.4568323 

6.9844721 

004784689 

210 

44100 

9261000 

14.4913767 

6.9489220 

004761905 

211 

44621 

9393931 

14.5258390 

5.9683418 

004789886 

212 

44944 

9528128 

14.5602198 

6.9627320 

004716961 

213 

45369 

9663597 

14.5945195 

6.9720926 

.004694836 

214 

45796 

9600344 

14.6287388 

6.9614240 

.004672897 

215 

46225 

9938375 

14.6628783 

6.9907264 

.004651163 

216 

46656 

10077696 

14.6969385 

6.0000000 

.004629680 

217 

47069 

10218313 

14.7309199 

6.0092450 

.004606296 

218 

47524 

10360232 

14.7648231 

6.0184617 

.00456n56 

219 

47961 

10503459 

14.7966486 

6.0376602 

.004666210 

220 

48400 

10648000 

14.8323970 

6.0868107 

.004545465 

221 

48841 

10793861 

14.8660687 

6.0459435 

.004524887 

222 

49284 

10941048 

14.8996644 

!      6.0560489 

.004604505 
.004484801 

223 

49729 

11069567 

14.9331845 

6.0641270 

224 

50176 

11239424 

14.9666295 

6.0731779 

.004464288 

225 

50625 

11390625 

15.0000000 

6.0822020 

.004444444 

226 

51076 

11543176 

15.0332964 

1      6.0911994 

.0044247:9 

227 

51529 

11697063 

15.0665192 

6.1001702 

.0M405286 

228 

51984 

11852352 

15.0996689 

6.1091147 

.004885965 

229 

52441 

12006969 

15.1327460 

6.1180332 

.004366812 

230 

52900 

12167000 

15.1657509 

6.1269297 

.004847826 

231 

53361 

12326391 

15.1986842 

i       6.1357924 

.004329004 

232 

53824 

12487168 

15.2315462 

6.1446337 

.004310345 

233 

54289 

12649337 

15.2643375 

.,6.1534495 

.004291845 

234 

54756 

12812904 

15.2970585 

6.1622401 

.004273504 

235 

55225 

12977875 

15.3297097 

6.1710058 

.004255319 

236 

55696 

13144256 

15.3622915 

6.1797466 

.004237288 

237 

56169 

13312053 

15.3948043 

6.1884628 

.004219409 

238 

56644 

13481272 

15.4272486 

6.1971544 

.004201681 

239 

57121 

13651919 

15.4596248 

6.2058218 

.004184100 

240 

57600 

13824000 

1      15.4919334 

6.2144650 

.004166667 

241 

58081 

13997521 

15.5241747 

6.2280643 

.004149878 

242 

5a564 

14172488 

15.5563492 

6.2316797 

.004132281 

243 

59049 

14348907 

15.5884573 

6.2402515 

.004116226 

244 

595:36 

14526784 

15.6204994 

6.2487998 

.004096861 

245 

60025 

14706125 

15.6524758 

6.2573248 

.004061633 

246    1 

60516 

14886936 

15.6843871 

6.2658266 

.004066041 

247   \ 

61009 

15069223 

15.71«Jaai5 
15.7480157 

.004048588 

248    I 

61504 

15252$)92 

.<yMO»Bd68 

686 


TABLE  XVI. — SQUARES,  CUBES,  SQUARE  ROOTS, 


No. 

Sqaaxea. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

249 

62001 

15438249 

15.7797338 

6.2911946 

.004016064 

250 

62500 

15625000 

15.8113883 

6.2996053 

.004000000 

251 

63001 

15813251 

15.8429795 

6.3079935 

.003984064 

252 

636ft4 

16003008 

15.8745079 

6.3163696 

.003968254 

253 

64009 

16194277 

15.9059737 

6.3247035 

.003952509 

254 

64516 

16387064 

15.9373775 

6.3a30256 

.003937008 

255 

65025 

16581375 

15.9687194 

6.3413257 

.003921669 

256 

65536 

15777216 

16.0000000 

6.3496042 

.003906250 

257 

66049 

16974693 

16.0312195 

6.3578611 

.003891051 

258 

66564 

17173512 

16.0623784 

6.3660968 

.0a3875909 

259 

67081 

17373979 

16.0934769 

6.3743111 

.003861004 

260 

67600 

17576000 

16.1245155 

6.3825043 

.0a3846154 

•261 

68121 

1V779581 

16.1554944 

6.3906765 

.003831418 

262 

68644 

17984728 

16.1864141 

6.3988279 

.003816794 

263 

69169 

18191447 

16.2172747 

6.4069585 

.003802281 

264 

69696 

18399744 

16.2480768 

6.4150687 

.003787879 

265 

70225 

18609625 

16.2788206 

6.4231583 

.003773685 

266 

70756 

18^1096 

16.3095064 

6.4312276 

.003759398 

267 

71289 

19034163 

16.3401346 

6.4392767 

.003745318 

268 

71824 

19248832 

16.3707055 

6.4473057 

.003731343 

269 

72361 

19465109 

16.4012195 

6.4553148 

.003717472 

270 

72900 

19683000 

16.4316767 

6.4633041 

.003703704 

271 

73441 

19902511 

16.4620776 

6.4712736 

.003690037 

272 

73984 

20123648 

16.4924225 

6.4792236 

.003676471 

273 

74529 

20346417 

16.5227116 

6.4871541 

.003663004 

274 

75076 

20570824 

16.5529454 

6.4950653 

.003649635 

275 

75625 

20796875 

16.5831240 

6.5029572 

.003636364 

276 

76176 

21024576 

16.6132477 

6.5108300 

.003623188 

277 

76729 

21253933 

16.6433170 

6.5186839 

.003610108 

278 

77284 

21484952 

16.6733320 

6.5265189 

.003597122 

279 

77841 

21717639 

16.7032931 

6.5343351 

.003584229 

280 

78400 

21952000 

16.7332005 

6.5421326 

.003571439 

281 

78961 

22188041 

16.7630546 

6.5499116 

.003558719 

282 

79524 

22425768 

16.7928556 

6.5576722 

.003546099 

283 

80089 

22665187 

16.8226038 

6.5654144 

.003533569 

284 

80656 

22906304 

16.8522995 

6.5731385 

.003521127 

285 

81225 

23149125 

16.8819430 

6.5808443 

.003508772 

286 

81796 

23393656 

16.9115345 

6.5885323 

.003496503 

287 

82369 

23639903 

16.9410743 

6.5962023 

.003484321 

288 

82944 

23887872 

16.9705627 

6.6038545 

.003472SR>2 

289 

83521 

24137569 

17.0000000 

6.6114890 

.003460208 

290 

84100 

24389000 

17.0293864 

6.6191060 

.003448276 

291 

84681 

24^42171 

17.0587221 

6.6267054 

.003436426 

292 

85264 

24897088 

17.0880075 

6.6342874 

.003424658 

293 

85849 

25153757 

17.1172428 

6.6418522 

.003412969 

294 

86436 

25412184 

17.1464282 

6.6493998 

.003401361 

295 

87025 

25672375 

17.1755640 

6.6569302 

.003389831 

296 

87616 

25934336 

17.2046505 

6.6644437 

.003378378 

297 

88209 

26198073 

17.2336879 

6.6719403 

.003367003 

298 

88804 

26463592 

17.2626765 

6.6794200 

.003355705 

299 

89401 

26730899 

17.2916165 

6.6868831 

.003344482 

300 

90000 

27000000 

17.3205081 

6.6943295 

.003333338 

301 

90601 

27270901 

17.3493516 

6.7017593 

.003322259 

302 

91204 

27543608 

17.3781472 

6.7091729 

.003311258 

303 

91809 

27818127 

17.4068952 

6.7165700 

.003300330 

304 

92416 

28094464 

17.4355958 

6.7239508 

.003289474 

805 

93025 

28372625 

17.4642492 

6.7313155 

.003278689 

306 

93636 

28652616 

17.4928557 

6.7386641 

.003267974 

807 

94249 

28934443 

17.6214155 

6.7459967 

,  .QQfiaE>'«8Ki 

308 

94864 

29218112 

17.5499288 

i   ft.lSSOVM 

\  .«saAS^^a» 

809 

95481 

29503629 

17.6783S58 

\   6.1«»\4a 

\  -^^^^^ 

810 

96100 

gmiooo 

17.6068169 

\   6.1^'WS«5 

\  5*:eQ£e«R 

^1 


Isi 


\\=\' 


TABLE  XVI.— SQUARES,  CUBES,  SQI/ARB  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

878 

189129 

•  51896117 

19.3132079 

7.1984050 

.002680966 

874 

139876 

62813624 

19.3890796 

7.3048322 

.002673797 

876 

140625 

62784375 

19.8649167 

7.2113479 

.002666667 

876 

141376 

68167376 

19.8907194 

7.2176522 

.002659674 

877 

142129 

53682633 

19.4164878 

7.2840450 

.002652S30 

378 

142884 

64010152 

19.4422221 

7.2304266 

.002645608 

379 

143641 

54439939 

19.4679223 

7.2867972 

.002638632 

880 

144400 

64872000 

19.4986887 

7.2481565 

.002631679 

381 

145161 

66806341 

19.6192213 

7.2496045 

.002624673 

883 

145924 

66742968 

19.6448203 

7.2568415 

.002617801 

888 

146689 

66181887 

19.5703a')8 

7.2621675 

.002610966 

884 

147466 

66623104 

19.6959179 

7.3684824 

.002604167 

886 

148225 

670Q6j625. 

19.6214169 

7.2747864 

.002597403 

886 

148996 

67512456 

19.6468827 

7.2810794 

.002590674 

887 

149769 

67960603 

19.6728156 

7.2873617 

.002583979 

388 

150544 

68411072 

19.6977156 

7.2936330 

.002577380 

889 

151321 

68863869 

19.7230629 

7.2998936 

.002670694 

390 

152100 

69319000 

19.7484177 

7.3061436 

.003664108 

891 

152881 

69776471 

19.7787199 

7.8128828 

.002557546 

892 

153664 

60236288 

19.7969699 

7.3186114 

.002551030 

393 

154449 

60698457 

19.8242276 

7.3248296 

.002544689 

394 

155236 

61162984 

19.6494832 

7.3310369 

.002538071 

896 

156026 

61629875 

19.8746069 

7.3372839 

.002531646 

896 

156816 

62099136 

19.8997487 

7.3434206 

.002525368 

397 

157609 

62570773 

19.9248688 

7.3496966 

.002518803 

898 

158404 

63044792 

19.9499873 

7.35571)24 

.002512563 

399 

159201 

63621199 

19.9749644 

7.8619178 

.002506866 

400 

160000 

64000000 

20.0000000 

7.8680630 

.002500000 

401 

160601 

64481201 

20.0049644 

7.8741979 

.002498766 

402 

161604 

64964808 

20.0499677 

7.3808227 

.00^187662 

403 

162409 

65450827 

20.0748699 

7.8864873 

.003481890 

404 

163216 

66939264 

20.0997612 

7.8936418 

.002476348 

405 

164026 

66430125 

20.1246118 

r.8986863 

.003469186 

406 

161836 

66923416 

20.1494417 

7.4047206 

.003468064 

407 

165649 

67419143 

20.1742410 

7.4107950 

.002457003 

406 

166464 

67917312 

20.1990099 

7.4168596 

.002450960 

409 

167281 

68417929 

20.2237484 

7.4229142 

.003444968 

410 

168100 

68921000 

20.2484567 

7.4289689 

.002489084 

411 

168921 

69426531 

20.2731849 

7.4349938 

.003488080 

412 

169744 

69931528 

30.2977831 

7.4410189 

.003427184 

413 

170569  . 

70444997 

30.8224014 

7.4470642 

.003421806 

414 

171396 

70957944 

30.8469899 

7.4580699 

.002416460 

415 

172225 

71473375 

30.8n6488 

7.4590659 

.002409689 

416 

173056 

71991296 

30.8960781 

7.4650228 

.003408846 

417 

173889 

72611713 

30.420M79 

7.4709991 

.003396068 

418 

174724 

73034632 

20.4450488 

7.4769664 

.003393844 

419 

175561 

78560059 

20.4694895 

7.4829242 

.003380685 

420 

176400 

74068000 

30.4939015 

7.48RR724 

.003380963 

421 

177241 

74618461 

30.6182845 

7.4948113 

.002375397 

422 

178064 

75161448 

30.5426886 

7.6007406 

.003369066 

428 

178929 

75686967 

20.5669638 

7.6066607 

.003364066 

424 

179776 

18225024 

30  5912603 

7.6125715 

.002358481 

425 

180626 

76765625 

30.6155281 

7.6184730 

.003358941 

426 

181476 

77308776 

80.6397674 

7.6248652 

.003347418 

427 

182329 

77864483 

30.6639783 

7.6803482 

.002341930   , 

428 

183184 

78402753 

30.6881609 

7.5361221 

.003386449 

429 

184041 

78953589 

30.7123152 

7.6419867 

.003381008 

480 

184900 

79607000 

30.7364414 

7.6478438 

.003336581 

431 

185761 

80062991 

30.7606896 

7.5686888 

.003320186 

432 

186624 

80621668 

30.7846097 

7.559536^ 

V   J($2Ra\Aa^\b 

488 

187480 

81182737 

30.8()8IVi20 

\  Ai^fssimM^ 

484 

J88356    i 

8174(W)i 

d0.8»W667 

\   5SR»Sf^MV.« 
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CUBE  ROOTS,  AND  RECIPROCALS. 


No.    i  Squares. 


Cubes. 


485 
436 
487 
438 
439 

440 
441 
442 
448 
444 
445 
446 
447 
448 
U9 

450 
451 
453 
453 
454 
455 
456 
467 
458 
459 

460 
461 
462 
463 
464 
465 
466 
467 
468 
469 

470 
471 
472 
473 
474 
475 
476 
477 
478 
479 

480 
481 
482 
483 
484 
485 
486 
487 
488 
489 


189225 
190096 
190969 
191844 
192721 

193600 
191481 
195364 
196249 
197136 
198025 
198916 
199809 
200704 
'  201601 

202500 
203101 
204301 
205209 
206116 
207025 
207936 
208819 
209764 
210681 

211600 
212521 
213414 
214369 
215296 
216225 
217156 
218089 
219024 
219961 

220900 
221841 
222784 
223729 
224676 
225625 
226576 
227529 
228184 
229441 

230400 
231361 
232324 
2:33289 
234256 
235225 
236196 
237169 
238144 
239121 

240100 
241081 
242064 

244036 
245025 
246016 


82812875 
82881856 
83458453 
84027672 
84604519 

85184000 
85766121 
86850688 
86938807 
87528381 
88121125 
88716536 
89314623 
89915392 
90618849 

91125000 
91733851 
92345408 
92959677 
93576664 
94196375 
94818816 
96143993 
960n912 
96702579 

97336000 

97972181 

98611128 

99252847 

99897344 

100644625 

101194696 

101847568 

102503232 

108161709 

103823000 
10418nil 
105164048 
105823817 
106496424 
107171875 
10^50176 
108531833 
109215352 
109902239 

110592000 
111284641 
111980168 
112678587 
113379904 
114084125 
114791256 
115501303 
116214272 
116930169 

117649000 

118370771 

119095488 

119823157 

1205537R4 

121287375 

122023936 


Square 
Roots. 


Cube  Roots. 


20.8666586 
20.8806130 
20.9045450 
20.9284495 
20.9528268 

20.9761770 
21.0000000 
21.0287960 
21.0476652 
21.0718075 
21.0950231 
21.1187121 
21.1423745 
21.1660105 
21.1896201 

21.2182084 
21.2367006 
21.2602916 
21.2887967 
21.8072758 
21. 8807290 
21.8641565 
21.8775583 
21.4009846 
21.4242858 

21.4476106 
21.4709106 
21.4941853 
21.6174848 
21.6406692 
21.5638587 
21.5870331 
21.6101828 
21.6388077 
21.6564078 

21.6794884 
21.7025344 
21.7266610 
21.7485632 
21.7715411 
21.7944947 
21.8174242 
21.8408297 
21  8632111 
21.8860686 

21.9089023 
21.a317122 
21.9644984 
21.977^2610 
22.0000000 
22.0227155 
22.0454077 
22.0680765 
22.0907220 
22.1138444 

22.1.359436 
22.1585198 
22.1810730 
22.2036033 

2i5.a485%5 


7.5769649 
7.5827865 
7.5885793 
7.5943638 
7.6001885 

7.6069049 
7.6116626 
7.6174116 
7.6281519 
7.0288887 
7.6846067 
7.6403218 
7.6460272 
7.6517247 
7.6574183 

7.6630943 
7.6687666 
7.6744803 
7.6800867 
7.6857328 
7.6918n7 
7.6970023 
7.7026246 
7.7082388 
7.7188148 

7.n94426 
7.7250325 
7.7306141 
7.7361877 
7.7417532 
7.7473109 
7.7528606 
7.7584023 
7.7639361 
7.7694620 

7.7749601 

7.7804904 

7.7859928 

7.7914875 

7.7969745 

7.8024538. 

7.8079254 

7.8183892 

7.8188456 

7.8242942 

7.8297358 

7.8351688 
7.8405949 
7.8460184 
7.8614244 
7.8568281 
7.8622242 
7.8676130 
7.8729944 
7  8783684 

7.8837353 
7.8890946 
7.8944468 
7.8997917 
7.9051294 

1  .'ivsfRaa 


Reciproc  J& 


\ 


.002296861 
.002293578 
.002288830 
.00^83106 
.002277904 

.002272727 
.002267574 
.002262443 
.002257886 
.002252252 
.002247191 
.00^42152 
.0Q223na6 
.002232143 
.002227171 

.002222228 
.002217295 
.002212389 
.002207506 
.002209643 
.002197802 
.002192982 
.002188184 
.002183406 
.002178649 

.002173918 
.002169197 
.002164502 
.002166627 
.002155172 
.002160638 
.002145923 
.002141328 
.002186752 
.002182196 

.002127660 
.002123142 
.002118644 
.002114165 
.002109705 
.002106263 
.002100810 
.002096436 
.002092060 
.002067688 

.00206S333 
.002079002 
.002074689 
.002070393 
.002066116 
.002061866 
.002057613 
.002053888 
.002049180 
.002044990 

.002040616 
.002086660 
.002082520 
.002026386 
.003024291 


A 
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TABLE  XVI. — SQUARES,  CUBES,  SQtJARE  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Recipro<vilR. 

497 

247009 

122763478 

22.2934968 

7.9210994 

.002012072 

498 

248004 

123605992 

22.3159136 

7.9264085 

.002006082 

499 

249001 

124251499 

22.3388079 

7.9317104 

.002004006 

600 

250000 

125000000 

22.3606798 

7.9870053 

.002000000 

501 

251001 

125751501 

22.3830293 

7.9422931 

.001996008 

tm 

252004 

126506008 

22.4053565 

7.9475739 

.001992082 

508 

253009 

127263527 

22.4276615 

7.9628477 

.001988072 

S04 

2M016 

128024064 

22.4499443 

7.9581144 

.001984127 

505 

255025 

128787625 

22.47^2051 

7.9638743 

.001980196 

506 

256036 

129554216 

22.4944488 

7.9686271 

.001976285 

507 

257049 

130323848 

22.5166605 

7.9738781 

.001972887 

506 

258064 

131096512 

22.5388553 

7.9791122 

.001968504 

609 

259061 

131872229 

22.6610283 

7.9643444 

.001964637 

510 

260100 

182651000 

22.5831796 

7.9895697 

.001960784 

511 

261121 

183432831 

22.6058091 

7.9947883 

.001956947 

512 

262144 

184217728 

22.6274170 

8.0000000 

.001953125 

513 

263169 

135005697 

22.6495033 

8.0052049 

.001949318 

514 

264196 

135796744 

22.6715681 

8.0104032 

.001945525 

515 

265225 

136590675 

22.6936114 

8.0156946 

.001941748 

516 

266256 

13788S096 

22.7156334 

8.0207794 

.001937984 

517 

267289 

138188413 

22.7376340 

8.0259574 

.001934236 

518 

268324 

188991832 

22.7596134 

8.0811287 

.001930502 

519 

269361 

139798359 

22.7815715 

8.0362935 

.001926782 

620 

270400 

140606000 

22.8085085 

8.0414515 

.001923077 

521 

271441 

141420761 

22.8254244 

8.0466030 

.001919386 

522 

272484 

142236648 

22.8473193 

8.0517479 

.001915709 

523 

273529 

148055667 

22.8691933 

8.0668862 

.001912046 

524 

274576 

148877824 

22.8910463 

8.0620180 

.001908897 

51^ 

275625 

144703125 

22.9128785 

8.0671432 

.001904762 

526 

276676 

145531576 

22.9346899 

8.0722620 

.001901141 

527 

2Tr!2d 

1463631^3 

22.9564806 

8.0778743 

.001897538 

528 

278784 

147197952 

22.9782506 

8.0624800 

.001893939 

529 

279841 

148035889 

23.0000000 

8.0675794 

.001890359 

530 

280900 

148877000 

23.0217289 

8.0926723 

.001886792 

531 

281961 

149721291 

23.0434372 

8.0977589 

.001883289 

532 

283024 

150568768 

23.0651252 

8.1028390 

.001879699 

533 

284069 

151419437 

23.0867928 

8.1079128 

.001876173 

534 

285156 

152273304 

23.1084400 

8.1129803 

.001872659 

535 

286225 

153130375 

23.1300670 

8.1180414 

.001869159 

536 

287296 

153990656 

23.1516738 

8.1230962 

.001865672 

537 

288369 

154854153 

23.1732605 

8.1281447 

.001862197 

538 

289444 

155720672 

28.1948270 

8.1831870 

.001858786 

539 

290521 

156590619 

^.2163735 

8.1382230 

.001855288 

640 

291600 

157464000 

23.2379001 

8.1482529 

.001851852 

541 

292681 

158340421 

28.2594067 

8.1482765 

.001848429 

642 

293764 

159220068 

23.2808935 

8.1532989 

.001845018 

543 

294849 

16C103007 

23.8028604 

8.1588051 

.001841621 

644 

295936 

160989184 

28.3288076 

8.1688102 

.001838235 

545 

297025 

161878625 

23.8452361 

8.1688092 

.001834862 

546 

298116 

162771336 

23.3666429 

8.1738020 

.001831502 

547 

299209 

163667323 

28.3880311 

8.1782888 

.001828154 

648 

300304 

164566592 

28.4093998 

6.1832695 

.001824818 

549 

301401 

166469149 

28.4307490 

8.1882441 

.001821494 

550 

802500 

166375000 

23.4520788 

8.1982127 

.001818182 

551 

803601 

167284151 

23.4783892 

8.1961758 

.001814882 

652 

804704 

168196606 

23.4946802 

6.2081319 

.001811691 

653 

805809 

169112877 

28.5150520 

8.2080625 

.001806318 

554 

806916 

170031464 

23.5372046 

8.2180271 

.001805054 

555 

806025 

170953875 

28.5584380 

8.2179667 

.001801802 

556 

809136 

171879616 

28.5796522 

8.2228965 

.QQttQegfcV 

667 

310249 

172806693 

23.000&IT4 

668 

811364 

173741112 

28.62gQSSft 

»f    N" 
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CUBE  BOOTS,  AND  BECIPROCA|4. 


L 


No. 

Squares. 

Cubes. 

Square 
Boots. 

CubeBoot& 

Reciprocals. 

560 

812481 

174676879 

28.6481806 

8.2876614 

J00178880e 

560 

313600 

175616000 

28.6648191 

8.2425706 

.001785714 

661 

814721 

176558481 

23.6854386 

8.2474740 

.001782581 

562 

815844 

177504328 

23.7065302 

8.2528715 

.001779859 

668 

816969 

178453547 

83.^276210 

8.2572688 

.001776199 

564 

818096 

179406144 

23.7486842 

8.2621492 

.001773050 

665 

319225 

180362125 

28.7607286 

8.2670294 

.001760012 

566 

820856 

181821496 

23.7907545 

8.2719039 

.001766784 

567 

321489 

18^384263 

23.8117618 

8.2767726 

.001763668 

668 

322624 

183250432 

23.8327506 

8.2816355 

.001760668 

669 

823761 

184220000 

2b.8587209 

8.2864928 

.001757460 

570 

324900 

185193000 

28.8746728 

8.2913444 

.001754886 

571 

326041 

186169411 

23.8956063 

6.2961903 

.001751818   , 

57S 

827181 

187149248 

23.9165215 

8.3010604 

.001748252   ' 

578 

828329 

188132517 

23.9374184 

8.3058651 

.001745201   i 

574 

829476 

189119224 

23.9582971 

8.8106941 

.001742160   ; 

575 

880625 

190109375 

23.9791576 

8.815517& 

.001739130   : 

576 

831776 

191102976 

24.0000000 

8.3203358 

.001736111 

577 

832929 

192100033 

24.0208243 

6.8251475 

.001733102 

578 

834084 

193100552 

24.0416806 

8.8299542 

.001730104 

579 

835241 

194104539 

24.0624188 

8.8847553 

.601727116 

580 

836400 

195112000 

24.0681891 

8.3895509 

.001724188 

581 

837561 

196122941 

24.1089416 

8.8448410 

.001721179 

58e 

838724 

197187368 

24.1246762 

8.3491256 

.001718213 

688 

839889 

198155287 

24.1453929 

8.3539047 

.001715266 

584 

»41056 

199176704 

24.1660919 

8.3586784 

.001712329 

585 

842225 

200201625 

24.186?r32 

8.3634466 

.'101709402 

586 

843396 

201230056 

24.2074869 

8.3682095 

.001706486 

587 

844569 

202262003 

^.2280829 

8.3729668 

.C01708678 

588 

845744 

208297472 

24.2487113 

8.8'«VV188 

.001700680 

689 

846921 

204336469 

24.2693222 

8.3824653 

.00169'ri'93 

590 

848100 

205379000 

24.2899156 

8.3872065 

.001694815 

591 

849281 

206425071 

24.3104916 

8.8919423 

.001692047 

692 

350464 

207474688 

24.3310601 

8.3966729 

.001680180 

593 

351649 

206527857 

24.3515913 

8.4018981 

.001686841 

694 

852836 

20^84584 

24.3721152 

8.4061180 

.001688SQS 

695 

8&4025 

210644875 

24.3926218 

8.4108326 

.001680672 

596 

355216 

211708736 

24.4131112 

8.4155419 

.001677«62 

697 

356409 

212776173 

24.4835834 

8.420246O 

.001675042 

696 

857604 

213847192 

24.4540885 

6.4249448 

.00167^^241 

599 

858801 

214921799 

24.4744765 

8.4296883 

.00l669i40 

600 

860000 

216000000 

24.4948974 

8.4348267 

.001660667 

601 

361201 

217081801 

24.5153013 

8.4890098 

.001668604 

G02 

862404 

218167208 

24.5856883 

8.4436877 

.001661180 

COS 

363609 

219256227 

24.5560583 

8.4483605 

.001658875 

604 

364816 

220848864 

24.5764115 

8.4530281 

.001C55629 

606 

366025 

221445125 

24.5967478 

8.4576906 

.001652808 

606 

367236 

222545016 

24.6170673 

8.4623479 

.001650165 

607 

368449 

223648543 

24.6373/00 

8.4670001 

.001647446 

608 

3G96&4 

224756712 

24.6576560 

8.4716471 

.001644787 

609 

870881 

225866529 

24.6779254 

8.4762892 

.001642096 

610 

37^00 

226981000 

24.6981781 

8.4809261 

.001639844 

611 

873321 

228099131 

24.71^142 

8.4865579 

.001636661 

612 

374544 

229220928 

24.7386338 

8.4901848 

.001633087 

013 

375769 

230346397 

24.7588368 

8.4948065 

.001631821 

614 

870996 

231475544 

24.7790284 

8.4994233 

.001628664 

616 

378225 

232608375 

24.7991935 

8.5040850 

.001626016 

616 

879456 

233744896 

24.8193473 

8.50eW17 

.001623877 

617 

380689 

284885113 

24.8394847 

8.5132435 

.001620746 

^  618    \ 

881924 

236029082 

24.8596058 

8.5178403 

.001618128 

619    / 

8831G1 
88MX)    ^ 

237176669 

,   24.»rar?\0& 

\  ft. 52*4821 

.001615609 

620    1 

238828000 

I  a4.8»9rrawi 
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TABLE  XVI.— SQUABES,  CUBES,  SQUARE  BOOTS, 


No. 


631 
6d3 
6S8 
634 
625 
6!ii6 
627 

u!tO 

629 

680 
6$1 
682 
63S 
684 
685 
696 
687 
638 
680 

640 
641 
642 
643 
644 
646 
646 
647 
648 
649 

650 
651 
652 
653 
654 
655 
656 
657 
668 
659 

660 
661 
662 
663 
664 
665 
666 
667 
668 
609 

670 
671 
6?2 
073 
674 
675 
678 
677 
678 
679 

680 
681 
688 


Squares. 


885641 
886884 
888129 
889376 
880625 
891878 
893129 
394384 
895641 

896900 
898161 
3994^ 
400680 
401956 
403225 
404496 
405760 
407044 
408321 

409600 
410881 
412164 
413140 
414736 
416025 
417316 
418609 
419904 
421201 

422500 
428801 
425104 
426409 
427716 
429025 
430336 
431649 
432964 
434281 

4a5600 
4.30921 
4d8;^U 
439r)e9 
440896 
442225 
443556 
444889 
4462^ 
447561 

448900 
450241 
451584 
452929 
454276 
455625 
456976 
468329 
4596S4 
461041 

46^400 
463761 
465124 


Cubes. 


Square 
Boots. 


Cube  Boots. 


Beciprocakt. 


339483061 
»40U41848 
»il80l867 
^12970624 
SM4140625 
»I6S14876 
246491883 
247673152 
248858189 

S50O47000 
851389591 
852485968 
258686137 
254840101 
S56047875 
267259456 
258474853 
259694072 
260917119 

962144000 
268874721 
264609288 
865847707 
267089984 
268336125 
209586136 
870840023 
272097792 
273359449 

874625000 
275894451 
277167808 
278445077 
279726264 
281011875 
282800416 
283693893 
284890312 
286191179 

287496000 
288804781 
290117528 
2914ai847 
292754944 
294079625 
295408296 
296740963 
298077632 
299418309 

800763000 
802111711 
803464448 
804821217 
806182024 
807546875 
808915776 
810888733 
311665752 
313046839 

814438000 
815881241 
817214568 


84.9198716 
84.9399278 
84.9599679 
84.9799920 
86.0000000 
85.0199920 
86.0899681 
25.0599282 
26.0798^^4 

86.0998008 
86.11971&4 
85.1896102 
86.1594913 
86.1798566 
85.1992063 
85.2190404 
86.2388689 
25.2586619 
25.2784493 

25.2982213 
25.8179778 
86.8877189 
86.8574447 
86.8771651 
86.8968502 
86.4166301 
86.4861917 
25.4558441 
25.4754784 

85.4950976 
85.6147016 
26.6342907 
26.5638647 
25.5734237 
86.5929678 
86.6124909 
26.6820112 
25.6515107 
25.6709963 

85.6904652 
86.7099203 
25.7298807 
25.74878W 
26.7681975 
26.7876039 
26.8060758 
36.8268431 
25.8456960 
25.8650843 

85.8818682 
86.9036677 
86.9229628 
86.9422436 
25.9615100 
85.9807621 
86.0000000 
86.0192887 
86.0384331 
26.0576284 

88.0768096 
86.0959767 
a6.n518»7 


8.6816009 
8.5861780 
8.5407601 
8.6468173 
8.5498797 
8.t)644872 
8.5689899 
8.5635S77 
8.6680807 

8.5726189 
8.5771623 
8.6816809 
8.5863(M7 
8.5907238 
8.5952880 
8.6997476 
8.6042525 
8.0087526 
8.6132480 

8.6177888 
8.6222818 
8.6267063 
8.6311830 
8.6866551 
8.6401226 
8.6445855 
8.6490487 
8.6534974 
8.6579466 

6.6623911 
8.6668810 
8.6712665 
8.6756974 
8.6801237 
8.6845456 
8.6889630 
8.6983759 
8.6977843 
8.7021882 

8.7065877 
8.7109827 
8.7163734 
8.7197696 
8.7241414 
8.7286187 
8.7828918 
8.7878604 
8.7416846 
8.7469846 

8.7608401 
8.7646913 
8.7690883 
8.7688809 
8.7677192 
8.7780632 
8.7768830 
8.7807084 
8.7850896 
8.7898466 

8.7986608 


\ 


.001010606 
.001607717 
.001605186 
.001602664 
.001600000 
.001597444 
.001594806 
.001592857 
.001589886 

.001587802 
.001584786 
.001582278 
.001579779 
.001577^7 
.001574803 
.0015';«887 
.001569859 
.001507398 
.001504045 

.001562500 
.001500062 
.001557682 
.001556810 
.001558795 
.001550888 
.001547988 
.001546605 
.001543210 
.001510882 

.001538462 
.001536098 
.001538742 
.001531894 
.001529052 
.001526718 
.001524890 
.001528070 
.001519757 
.001517451 

.001515158 
.001518860 
.001510574 
.001508296 
.001506084 
.001508750 
.001501602 
.001499260 
.001497006 
.001494768 

.001492587 
.001490313 
.001488096 
.001485884 
.001483680 
.001481481 
.001479390 
.001477106 
.001474936 
.001473754 


^^^ 


^ 

,^\J  ^fMU      AVV^V^  & 

kjf        X^&l  C       AH&^^/J 

No. 

Squares. 

Cubes. 

Square 
Boots. 

Cube  Roots. 

Becsiprocals. 

683 

466189 

818611987 

26.1842687 

8.6065722 

.001464190 

684 

467856 

320013504 

26.15;«g87 

6.81066» 

.001461068 

685 

469225 

321419125 

86.1726047 

6.8151506 

.001450654 

686 

470596 

822828856 

26.1916017 

6.8194474 

.001457726 

687 

471969 

824242703 

26.2106t^ 

6.6287807 

.001455001 

688 

4T3»U 

3256606^2 

26.2297&41 

6.8260099 

.001458486 

689 

474721 

aa7082769 

26.2488095 

8.8922660 

.001451370 

690 

476100 

328509000 

26.2676511 

8.6365569 

.001448S;5 

691 

477481 

329939371 

26.2668789 

6.8406287 

.001447178 

692 

478861 

831373888 

26.3058929 

8.64506&4 

.001445067 

693 

480249 

832812557 

26.3^469^2 

6.8493410 

.001448001 

694 

481636 

3342568M 

26.8436797 

6.8536965 

.001440023 

695 

48:i025 

335702375 

26.3628527 

6.8576469 

.001486810 

696 

484416 

387153536 

26.3818119 

8.8620962 

.0014867^2 

697 

485809 

338608873 

26.4007576 

8.8668875 

.0014a47aO 

696 

487^204 

840068392 

26.4196896 

6.8705757 

.00148aS65 

699 

488601 

841532099 

26.4386081 

6.6746009 

.001480615 

700 

490000 

843000000 

26.4575181 

8.8790400 

.001426571 

701 

491401 

8444?2101 

26.4764046 

8.8632661 

.001426684 

702 

492804 

845948408 

26.4952626 

8.8674662 

.001424501 

703 

494209 

847428927 

26.514147^2 

8.6917068 

.001422475 

704 

495616 

848913664 

26.5829963 

8.6060204 

.001420465 

705 

497025 

350402625 

26.5518361 

6.9001804 

.001418440 

706 

498436 

851895816 

26.5706605 

8.9048366 

.001416481 

707 

499849 

853393243 

26.5694n6 

8.9066867 

.001414427 

708 

501264 

854894912 

26.6062694 

6.9127860 

.001412420 

709 

502681 

356400829 

26  6270539 

8.9160811 

.001410487 

710 

504100 

857911000 

26.6458252 

6.9211214 

.001406451 

711 

505521 

859425431 

26.6645833 

6.9258079 

.001406470 

712 

506944 

360944128 

26.6833281 

6.9204002 

.001404404 

713 

508369 

362467097 

26.7020596 

6.9886687 

.001402625 

714 

509796 

363994^44 

26.7207784 

6.9378483 

.001400660 

715 

511225 

365525875 

26.7894839 

8.94S0140 

.001806001 

716 

512656 

367061696 

26.7581768 

6.9161600 

.001806648 

717 

514089 

368601813 

26.7768557 

8.9508438 

.OO18M70O 

718 

515524 

370146282 

26.7955220 

6.9545020 

.001802756 

719 

516961 

371691959 

26.8141754 

8.9566581 

.001300621 

720 

51W00 

373248000 

26.8328157 

8.9626095 

.001888860 

721 

519^^1 

3748l»361 

26.8514432 

8.9669570 

.€01866968 

722 

5212JW 

376367048 

26.870067? 

6.9711007 

.001866042 

733 

522729 

377933067 

26.8886593 

6.9752406 

.001888126 

TZi 

5:W176 

379508424 

26.9072481 

6.9793766 

.001861215 

?^ 

525625 

381078125 

26.9258240 

o.otfiiOlXHl 

.001879810 

726 

527076 

382657176 

26.9448672 

8.0676873 

.001877410 

T-Zt 

528529 

3^4240583 

26.9629875 

8.9917620 

.001875516 

7^28 

5299^4 

385828352 

26.9814751 

8.9956829 

.001878626 

?29 

531441 

387420489 

27.0000000 

9.0000000 

.001871742 

730 

532900 

389017000 

27.0185122 

9.0041184 

.001369868 

731 

5;i43Gl 

390617891 

27.0370117 

9.0082229 

.001867960 

732 

5:^5824 

392223168 

27.0554985 

9.0128286 

.001866120 

7:« 

537289 

39:i832837 

27.0739727 

9.0164809 

.001864256 

ru 

5:W75<; 

39J>446904 

27.0924*44 

9.0205293 

.001862306 

7a5 

r^io-^r) 

397065375 

27.1106884 

9.0^46239 

.001860544 

736 

54101K} 

39S6S8256 

27.1293199 

9.028n49 

.001856606 

737 

543109 

40031555:^ 

27.1477439 

9.0328021 

.001856662 

738 

544<>44 

40194727^2 

27.1661554 

9.0368857 

.001856014 

739 

546121 

403588419 

27.1*45544 

9.0409655 

.001858160 

740 

547600 

405224000 

2^.2029410 

9.0450419 

.001851861 

741 

549081     1 

406869021 

27.2213152 

9.0491142 

.001910528 

742 

5505,'>4     ' 

40a51J^488 

27.2396769 

9.0531681 

.001847700 

743 

552IM9 

41017^M07 

27.2580263 

9.0572482 

.001845605 

744 

553536 

411830784 

27.2763684 

9.0618096 

.00iai4086 

«94 


TABLE  XVI. — SQUARES,  CUBES,  SQUARE  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

745 

565025 

418493625 

27.2946881 

9.0653677 

.001342282 

746 

556516  • 

415160936 

27.3130006 

9.0694220 

.001340483 

747 

558009 

416832723 

27.3813007 

9.0734726 

.001338688 

748 

559504 

418508992 

27.3495887 

9.0775197 

.001336898 

749 

561001 

420189749 

27.3678644 

9.0815631 

.001335113 

750 

562500 

421875000 

27.8861279 

9.0856030 

.0013a3383 

751 

564001 

423564751 

27.4043792 

9.0696392 

.001331558 

752 

565504 

425259008 

27.4226184 

9.0936719 

.001329787 

753 

567009 

426957/7/ 

27.4408455 

9.0977010 

.001328021 

754 

568516 

428661064 

27.4590604 

9.1017265 

.001326260 

755 

570025 

430368875 

27.4772633 

9.1057485 

.001324503 

756 

571536 

432081216 

27.4954542 

9.1097669 

.001322751 

757 

573049 

433798093 

27.5136330 

9.1137818 

.001321004 

758 

574564 

436519512 

27.5317998 

9.1177931 

.001319261 

759 

576081 

437245479 

27.5499546 

9.1218010 

.001317523 

760 

577600 

438976000 

27.5680975 

9.1258053 

.001315789 

761 

579121 

440711081 

27.5862284 

9.1298061 

.001314060 

762 

580644 

442450728 

27.6043475 

9.1338034 

.001312336 

763 

582169 

444194947 

27.6214546 

9.1377971 

.001310616 

764 

583696 

445948744 

27.6405499 

9.1417874 

.001308901 

765 

585225 

447697125 

27.6586334 

9.1457742 

.001307190 

766 

586756 

449455096 

27.6767050 

9.1497576 

.001305483 

767 

588289 

451217663 

27.6947648 

9.1637375 

.001303781 

768 

589824 

452984832 

27.7128129 

9.1577139 

.001302083 

769 

591361 

454756609 

27.7308492 

9.1616869 

.001300390 

770 

592900 

456533000 

27.7488739 

9.1666565 

.001298701 

771 

594441 

458814011 

27.7668868 

9.1696225 

.001297017 

772 

595984 

460099648 

27.7848880 

9.1735852 

.001295337 

77S 

597529 

461889917 

27.8028775 

9.1775445 

.001293661 

774 

599076 

463684824 

27.8208555 

9.1815003 

.001291990 

7V5 

600625 

465484375 

27.8388218 

9.1854527 

.001290323 

7r6 

602176 

467288576 

27.8567766 

9.1894018 

.001288660 

777 

603729 

469097433 

27.8747197 

9.1983474 

.001287001 

778 

605284 

470910952 

27.8926514 

9.1972897 

.001285347 

779 

606841 

472729139 

27.9105715 

9.2012286 

.001283697 

780 

608100 

474552000 

27.9284801 

9.2051641 

.001282051 

781 

609961 

476379541 

27.9463772 

9.2090962 

.001280410 

782 

611524 

478211768 

27.9642629 

9.2130250 

.001278772 

783 

613089 

480048687 

27.9821372 

9.2169505 

.001277139 

784 

614656 

481890304 

28.0000000 

9.2208^6 

.001275510 

785 

616225 

483736625 

28.0178515 

9.2247914 

.001273885 

786 

617796 

485587656 

28.0356915 

9.2287068 

.001272265 

787 

619369 

487443408 

28.0535203 

9.2826189 

.001270648 

788 

620944 

489303872 

28.0713377 

9.2365277 

.001269086 

789 

622521 

491169069 

28.0691438 

9.2404388 

.001267427 

790 

624100 

493039000 

28.1069386 

9.2448356 

.001265828 

791 

625681 

494913671 

28.1247222 

9.2482344 

.001264223 

792 

627264 

496793088 

28.1424946 

9.2521300 

.001262626 

793 

628849 

498677257 

28.1602567 

9.2560224 

.001261034 

794 

630436 

500566184 

28.1780056 

9.2599114 

.001259446 

795 

632025 

502459875 

28.1957444 

9.2687973 

.001257862 

796 

633616 

504358336 

28.2134720 

9.2676798 

.001256281 

797 

635209 

506261578 

28.2311884 

9.2715592 

.001254705 

798 

636804 

508169592 

28.2488938 

9.2754352 

.001253133 

799 

638401 

610082399 

28.2665881 

9.2798081 

.001251664 

800 

640000 

512000000 

28.2842712 

9.2881777 

.001250000 

801 

641601 

518922401 

28.8019434 

9.2870440 

.001248439 

802 

648204 

615849608 

28.3196045 

9.2909072 

.001246883 

803 

644809 

517781627 

28.8872546 

9.2947671 

.001246380 

S04 

646416 

519718464 

28.3548988 

9.2966289 

.001243781 

805 

648025 

521660125 

28.8725219 

9.8024775 

.001242236 

806 

649636 

523606616 

28.8901891 

9.8068278 

.001240695 

^^^ 


CUBE  ROOTS,  AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Baciprocals. 

807 

651219 

625557943 

28.4077454 

9.8101750 

.001239187 

806 

652861 

627514112 

28.4253408 

9.8140190 

.001237SU 

809 

654481 

529475129 

28.4429258 

9.8178509 

.001280004 

810 

656100 

631441000 

28.4601989 

9.3210975 

.001234508 

■ 

811 

657721 

533411731 

28.4780617 

9.3255320 

.001283040 

812 

659^14 

535387328 

28.4956137 

9.8299684 

.001231687 

813 

660969 

537367797 

28.5131549 

9.8831916 

.001280012 

814 

662596 

539a53144 

28.5306852 

9.8870167 

.001228601 

815 

661225 

541313375 

28.5182048 

9.8408380 

.0012260M 

810 

665856 

513338196 

28.6657137 

9.3146675 

.001225490 

817 

667489 

545338513 

28.5832119 

9.3484731 

.001228090 

818 

669121 

547313132 

28.6006993 

9.. 35228(97 

.001223104 

819 

670761 

549353259 

28.6181760 

9.8560952 

.001221001 

820 

672400 

551368000 

28.6356421 

9.3599016 

.001219512 

821 

674011 

553387661 

28.6530976 

9.3637019 

.001218007 

822 

675681 

.556112218 

28.6705124 

9.3675051 

.001216545 

823 

677329 

557411767 

28.6879766 

9.871802S 

.001216007 

824 

678976 

559176224 

28.7054002 

9.8750968 

.001218602 

825 

680625 

561515625 

28.7228132 

9.8788878 

.001212121 

826 

682276 

563559978 

28.7402157 

9.382675S 

.001210664 

827 

683929 

565609283 

28.7576077 

0.8864600 

.001200190 

828 

685581 

567668552 

28.7749891 

9.3902119 

.001207789 

829 

68?^11 

569722789 

28.7928601 

9.8910200 

.001200278 

880 

688900 

571787000 

28.8097206 

9.3977904 

.001204819 

831 

690561 

573856191 

28.8270706 

9.4016691 

.001208800 

■ 

832 

692221 

575930368 

28.8144102 

9.4058887 

.001201028 

838 

693889 

578009537 

28.8617391 

9.4091054 

.001200480 

831 

695556 

580093704 

28.8790582 

9.4128690 

.001190011 

835 

697225 

582182875 

28.8968666 

9.4166297 

.001197005 

, 

836 

698896 

581277056 

28.9136616 

9.4208878 

.001190178 

837 

700569 

586376253 

28.9309523 

9.4211420 

.001194748 

■ 

838 

702211 

588180172 

28.9482297 

9.4278980 

.001198817 

8H9 

708921 

590580719 

28.9654967 

9.4316428 

.001191805 

840 

705600 

592701000 

28.98277)35 

9.4858880 

.001190476 

841 

707281 

591823321 

29.0000000 

9.4391807 

.001189001 

842 

708961 

596947688 

29.0172363 

9.4428701 

.001187648 

1 

t 

843 

710619 

5990m07 

29.0314623 

9.4466072 

.001180210 

i 

814 

712336 

601211,581 

29.0516781 

9.4o0&110 

.001184834 

1 

815 

714025 

603351125 

29.0688837 

9.4510719 

.001183482 

846 

715716 

605195736 

29.0860791 

9.4577999 

.001182068 

847 

717409 

607615123 

29.1032641 

9.4615249 

.001180088 

818 

719101 

609800192 

29.1201396 

9.465^70 

.001170245 

1 

819 

720801 

611960019 

29.1376016 

9.4689601 

.001177860 

1 

860 

722500 

611125000 

29.1517595 

9.47%834 

.001170471 

■ 

851 

724201 

616295051 

29.1719043 

9.4763957 

.001175088 

852      : 

?25901 

61>W70208 

29.1890390 

9.4801061 

.001178700 

853 

727(509 

620650477 

29.2061637 

9.4838130 

.001173888 

851      ' 

729:^16 

62283.5H(>1 

29.2232781 

9.4875182 

.001170000 

8W      1 

r31025 

625026:375 

29.24038.30 

9.4912200 

.001100601 

856 

7:i2736 

627222016 

29.2.574777 

9.4919188 

.001168224 

857 

731449 

62912279;^ 

29.2745623 

9.4986147 

.001160801 

858 

73(5161 

631628712 

29.2916.370 

9. .5028078 

.001106601 

859 

737^1 

633839779 

29.3087018 

9.5059980 

.0011M144 

860 

739600 

636056000 

29.. 3257.566 

9.5096851 

.001102701 

861 

741321 

6:3827r381 

29.. 3428015 

9.5138699 

.001101440 

862      ' 

743044 

&4a'508928 

29.35983(i5 

9.. 5170515 

.001100008 

863      ' 

744769 

6127:35617 

29.3708616 

9.5207306 

.001158749 

^ 

861      1 

74^496 

W4972544 

29.39.38769 

9.5244068 

.001157407 

p 

865 

748225 

64721 4<)25 

29.4108823 

9.5280794 

.001160669 

866      1 

749956 

649461896 

29.4278779 

9.5317497 

.001164784 

867      I 

751689 

651714:363 

29.4448637 

9.6864172 

.001168i08 

868      1 

75*421 

653972082 

29.4618397 

9.6390818 

.001162074 

■ 

696 


TABLE  XVI.— SQUARES,  CUBES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

869 

755161 

666234909 

8ro 

756900 

658508000 

871 

758641 

660776311 

872 

760384 

663054848 

873 

762129 

665338617 

"874 

763876 

667627624 

875 

765625 

669921875 

876 

767376 

672221376 

877 

769129 

674526133 

878 

770884 

676836152 

879 

772641 

679151439 

880 

774400 

681472000 

881 

776161 

683797841 

882 

777984 

6H6128068 

888 

779689 

688465387 

884 

781456 

690807104 

885 

783225 

693154125 

886 

781996 

69550&156 

887 

786769 

6978&1103 

888 

788544 

700227072 

889 

790321 

702595369 

890 

792100 

704969000 

801 

793881 

707347971 

892 

795664 

709732288 

893 

797449 

712121967 

894 

799236 

714616964 

895 

801025 

716917376 

896 

802816 

719323136 

897 

804609 

721784273 

896 

806404 

T24150792 

899 

808201 

7265?2699 

900 

810000 

729000000 

901 

811801 

731482701 

902 

813604 

733870608 

903 

81M09 

736314327 

904 

817216 

738763264 

905 

819026 

741217625 

906 

820886 

743677416 

907 

822649 

746142643 

908 

82^64 

748618312 

909 

826281 

751089429 

910 

828100 

758571000 

911 

829921 

756058081 

912 

881744 

758560528 

918 

883569 

761048497 

914 

885396 

763551944 

915 

88?i25 

706060676 

916 

839066 

768575296 

917 

840889 

771095218 

918 

842724 

773620632 

919 

844561 

776161669 

920 

846400 

778688000 

921 

848241 

781229961 

922 

850064 

788777448 

928 

851929 

786880467 

924 

85377» 

788880024 

926 

855626 

791468126 

926 

857476 

794022776 

927 

859329 

796597988 

928 

861184 

799178762 

929 

868041 

801766089 

990 

864900 

804367000 

Square 
Roots. 


Cube  Roots.   Reciprocals. 


29.4788059 

9.5427487 

29.4957624 

9.5464027 

29.5127091 

9.5600569 

29.6296461 

9.5537123 

29.6465784 

9.55r3630 

29.6634910 

9.5610106 

29.6803969 
29.69729?2 

9.5646559 

9.5682982 

29.6141858 

9.5719377 

29.6310648 

9.5755745 

29.6479342 

9.5792086 

29.6647939 

9.5828397 

29.6816442 

9.5864662 

29.6964848 

9.5000989 

29.7163169 

9.5937169 

29.7321375 

9.5973373 

29.7489496 

9.6009548 

29.7667521 

9.6045696 

29.7825452 

9.6081817 

29.7993289 

9.6117911 

29.8161060 

9.6153977 

29.8328678 

9.6190017 

29.8496281 

9.6226060 

29.8663690 

9.6262016 

29.8881056 

9.6297976 

29.8998328 

9.6338907 

29.9165506 

9.6369812 

29.9382591 

9.6405690 

29.9499583 

9.6441542 

29.9666481 

9.6477367 

29.9833287 

9.6513166 

80.0000000 

9.6548988 

80.0166620 

9.G584684 

30.0333148 

9.6620408 

30.0499584 

9.6656096 

80.0665928 

9.6691762 

30.0682179 

9.6727408 

30.0996389 

9.6763017 

80.1164407 

9.6798604 

80.1330388 

9.6834166 

30.1496269 

9.6869701 

80.1662068 

9.6905211 

80.1827765 

0.6940694 

80.1993377 

9.6976161 

30.2168899 

9.7011588 

30.2324329 

9.7046980 

30.2489669 

9.7082869 

30.2664919 

9.7117728 

80.2820079 

9.7153051 

80.2985148 

9.7188354 

80.8150128 

9.7228631 

80.8315018 

9.7258888 

80.8479818 

9.7294109 

80.8644529 

9.7829800 

80.8809151 

9.7364484 

80.8978688 

9.7899634 

80.4138127 

9.7484768 

80.4302481 

9.7469867 

30.4466747 

9.7504980 

80.4630924 

9.7689979 

80.4796018 

9.7676008 

80.4959014 

9.7610001 

.001160748 

.001149426 
.001148106 
.001146789 
.001145476 
.001144166 
.001142867 
.001141563 
.001140251 
.001138952 
.001137666 

.001136864 
.001135074 
.001138787 
.001132503 
.001131222 
.001129944 
.001128668 
.001127396 
.001126126 
.001124859 

.001128596 
.001122384 
.001121076 
.001119621 
.001118668 
.001117318 
.001116071 
.001114827 
.001118586 
.001112847 

.001111111 
.001109878 
.001108ft47 
.001107420 
.001106195 
.001104972 
.001108763 
.001102586 
.001101822 
.001100110 

.001096901 
.001097696 
.001096491 
.001096290 
.001094092 
.001092896 
.001091708 
.001090513 
.001069895 
.001088189 

.001066957 
.001085776 
.001064699 
.001063428 
.001062251 
.001081061 
.001079914 
.001078749 
.001077686 
.001076426 
.001075269 


^^ 


CUBE  BOOTS,  AND  RECIPROCALS. 


Nc. 

Squares. 

Cube*. 

Square 
Roots. 

Cube  Roots. 

ReciprocalSb 

931 

866761 

806954491 

80.5122926 

9.7644974 

.001074114 

932 

868624 

809557568 

30.5286750 

9.7679928 

.001072961 

933 

870489 

812166237 

30.5450487 

9.7714845 

.001071811 

934 

872356 

814780504 

30.5614136 

9.7749748 

.001070664 

935 

874225 

817400375 

30.5777697 

9.7784616 

.001069519 

936 

876096 

820025856 

30.5941171 

9.78194^6 

.001068876 

937 

877969 

822656953 

30.6104557 

9.7854288 

.001067286 

938 

879844 

825293672 

80.6267857 

9.7889087 

.001066096 

939 

881721 

827936019 

80.6481069 

9.7923861- 

.001064963 

940 

883600 

630584000 

80.6594194 

9.7958611 

.001063880 

941 

885481 

833237621 

80.6757283 

9.7998886 

.001062699 

942 

887364 

835896888 

30.6920186 

9.8028036 

.00061571 

943 

689249 

838561807 

30.7063051 

9.8062711 

.001060445 

944 

691136 

841232384 

30.7346880 

9.8097362 

.00VX)0»22 

945 

693025 

843908625 

80.7408623 

9.8131989 

.001)58201 

946 

694916 

846590536 

30.7571180 

9.8166691 

.001)67082 

947 

696809 

849278123 

80.7733661 

9.8201169 

.001066966 

948 

898704 

&51971392 

30.7896086 

9.82357S3 

.00106^52 

949 

900601 

864670349 

80.8068436 

9.827026S 

.0010R»741 

950 

902500 

857375000 

80.8220700 

9.8804757 

.001068682 

951 

904401 

860085351 

30.8382879 

9.8839288 

.001061686 

952 

906304 

862801408 

80.8644972 

9.8878096 

.001060480 

953 

908209 

865523177 

30.8706981 

9.8408127 

.001048818 

954 

910116 

868250664 

80.8868904 

9.8442686 

.001048218 

955 

912025 

870983875 

30.9030743 

9.8476920 

.001047180 

956 

913936 

!   873722816 

30.9192497 

9.8511280 

.001046085 

957 

915849 

876467493 

30.9354166 

9.8645617 

.001044932 

958 

917764 

679217912 

30.9615751 

9.8579929 

.001043841 

959 

919681 

681974079 

80.9677251 

9.8614218 

.001042786 

960 

921600 

684736000 

80.9838668 

9.8648483 

.001041667 

961 

923521 

887503681 

31.0000000 

9.8682724 

.001040683 

962 

925444 

690277128 

31.0161248 

9.8716941 

.001039601 

963 

92r369 

693056347 

31.0322413 

9.8761185 

.001038^22 

964 

929296 

695841344 

31.0483494 

9.8786805 

.001037344 

965 

931225 

898632125 

31.0644491 

9.8819461 

.001036809 

966 

933156 

901428696 

31.0605406 

9.8868674 

.001086197 

967 

935069 

904231063 

31.0966236 

9.8887678 

.001034126 

968 

937024 

907039232 

31.1126984 

9.8921749 

.001083068 

969 

938961 

909853209 

31.1287648 

9.8956801 

.001031902 

970 

940900 

912673000 

31.1448230 

9.6989880 

.001030928 

971 

942811 

915498611 

31.1606729 

9.9028885 

.001089666 

972 

944784 

918330048 

31.1769146 

9.9067817 

.001028807 

973 

946729 

921167317 

31.1929479 

9.9091776 

.001027749 

974 

948676 

9^40104^4 

31.2069781 

9.9126712 

.001026694 

975 

950625 

926859375 

31.2249900 

9.9169624 

.001025641 

976 

952576 

929714176 

31.2409987 

9.9198513 

.001024590 

977 

95i529 

932574833 

31.2569992 

9.922'rd'<^ 

.001023541 

978 

956484 

935441352 

81.2TO9915 

9.9261222 

.001022495 

979 

958441 

938318739 

81.2889757 

9.9295042 

.001021450 

980 

960400 

941192000 

81.3049517 

9.9328839 

.001020408 

981 

962361 

944076141 

31.3209195 

9.9362613 

.001019868 

982 

96432i 

946966168 

31.3368792 

9.9396368 

.001018880 

983 

966289 

949862087 

31.3528308 

9.9430092 

.001017294 

9J^ 

968256 

952763904 

31.3687743 

9.9463';'97 

.001016260 

985 

970225 

955671625 

31.3847097 

9.9497479 

.001015228 

986 

972196 

95a585256 

31.4006369 

9.9531138 

.001014199 

987 

974169 

961504803 

81.4165561 

9.9564775 

.001013171 

988 

976144 

964430272 

31.4324673 

9.9596389 

.001012146 

989 

978121 

967361669 

31.4483704 

9.9631981 

.001011182 

990 

980100 

970299000 

31.4fr42654 

9.9665649 

.001010101 

fJM 

982081 

973242271 

31.4801525 

9.9699095 

.001009U(tt 

' 

984064 

976191488 

81.4960315 

9.9782619 

.001008066 

698 


TABLE  XVI. — SQUARES,  CUBES,  ETC. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

993 

986049 

979146657 

81.5119025 

9.9766120 

.001007019 

994 

988036 

982107784 

31.5277655 

9.9799599 

.001006036 

995 

990025 

965074875 

31.5436206 

9.9833055 

.001005025 

996 

992016 

988047936 

81.5594677 

9.9866488 

.001001016 

997 

994009 

991026973 

31.5753068 

9.9899900 

.001003009 

998 

996004 

994011992 

31.5911380 

9.9933289 

.001002004 

999 

998001 

997002999 

81.6069613 

9.9966656 

.001001001 

1000 

1000000 

1000000000 

81.6227766 

10.0000000 

.001000000 

1001 

1002001 

1003003001 

31.6385840 

10.0033322 

.0009990010 

1002 

1004004 

1006012008 

31.6543836 

10.0066622 

.0009980040 

1003 

1006009 

1009027027 

31.6701752 

10.0099899 

.0009970090 

1004 

1008016 

1012J48064 

31.6859590  ' 

10.0133155 

.0009960159 

1005 

1010025 

1015075125 

31.7017349 

10.0166389 

.0009950249 

1006 

1012036 

1018108216 

31.7175030 

10.0199601 

.0009940858 

1007 

1014049 

1021147343 

31.7332633 

10.0232791 

.0009930487 

1008 

1016064 

1024192512 

31.7490157 

10.0265958 

.0009920635 

1009 

1018081 

1027243729 

31.7647603 

10.0299104 

.0009910603 

1010 

1020100 

1030301000 

81.7804972 

10.0332226 

.0009900990 

1011 

1022121 

1083364331 

31.7962262 

10.0365330 

.0009891197 

1012 

1024144 

1036433728 

31.8119474 

10.0396410 

.0009881423 

1013 

1026169 

1039509197 

31.8276609 

10.0431469 

.0009871668 

1014 

1028196 

1042590744 

31.8133666 

10.0464506 

.0009861933 

1015 

1080225 

1045678375 

81.8590646 

10.0497521 

.0009852217 

1016 

1032256 

1018772096 

31.8747549 

10.0530514 

.0009842520 

1017 

1031280 

1051871913 

31.8904374 

10.0563485 

.0009632812 

1018 

1036324 

1054977832 

81.9061123 

10.0596435 

.0009823183 

1019 

1038361 

1058089859 

81.9217794 

10.0629364 

.0009813543 

loeo 

1040400 

1061208000 

31.9374388 

10.0662271 

.0009803922 

1021 

1012441 

1064332281 

81.9530906 

10.0695156 

.0009794319 

1022 

1014484 

1067462648 

31.9687347 

10.0728020 

.0009784736 

1023 

1046529 

1070599167 

81.9813712 

10.0760863 

.0009775171 

1024 

1048576 

1073741824 

32.0000000 

10.0793684 

.0009765625 

1025 

1050625 

1076890625 

32.0156212 

10.0826484 

.0009756098 

1026 

1052676 

1080045576 

32.0313348 

10.0859262 

.0009746589 

1027 

1054729 

1083206683 

32.0468407 

10.0892019 

.0009737098 

1028 

1056784 

1086373952 

32.0621391 

10.0924755 

.0009727626 

1029 

1058841 

1089547389 

32.0780298 

10.0957469 

.0009718173 

1030 

1060900 

1092727000 

32.0936131 

10.0990163 

.0009708738 

1031 

1062961 

1095912791 

32.1091887 

10.1022835 

.0009699321 

1032 

1065024 

1099104768 

32.1217568 

10.1055487 

.00:9689922 

1033 

1067089 

1102302937 

32.1403173 

10.1088117 

.0009680542 

1034 

1069156 

1105507304 

32.1558704 

10.1120726 

.0009671180 

1035 

1071225 

1108717875 

32.1714159 

10.1153314 

.0009661836 

1036 

1073296 

1111934656 

32.1869539 

10.1185882 

.0009652510 

1037 

1075369 

1115157653 

32.2024844 

10.1218428 

.0009643202 

ia38 

1077444 

1118386872 

32.2180074 

10.1250953 

.0009633911 

1039 

1079521 

1121622319 

32.2335229 

10.1283457 

.0009624639 

1040 

1081600 

1124864000 

32.2490310 

10.1315941 

.0009615385 

1041 

1083681 

1128111921 

32.2645316 

10.iai8403 

.0009606148 

1042 

1085764 

1131366088 

32.2800218 

10.1380845 

.0009596929 

1043 

1087849 

1134626507 

32.2955105 

10.1413266 

.0009587738 

1044 

1089936 

1137893184 

32.3109888 

10.1445667 

.0009578544 

1045 

1092025 

1141166125 

82.3264598 

10.1478047 

.0009569378 

1046 

1094116 

1144445336 

32.3419233 

10.1510406 

.0009560229 

1047 

1096209 

1147730823 

32.3573794 

10.1542744 

.0009551098 

1048 

1098304 

1151022592 

32.37285«1 

10.1575062 

.0009541985 

1049 

1100401 

1154320649 

32.3882695 

10.1607359 

.0009532888 

1050 

1102500 

1157625000 

32.4087085 

10.1639636 

.0009523810 

1051 

1104601 

1160935651 

32.4191301 

10.1671893 

.0009514748 

1052 

1106704 

1164252606 

32.4345495 

10.1704129 

.0009505703 

1053 

1108809 

1167575877 

32.4499615 

10.1736344 

.0009496676 

1054 

1110916 

1170905464 

32.4653662 

1  10.1768539 

.0009487666 

<o^ 


700 

TABLE  XVri.— tOGARTTHMS  OF  NUMBERS. 
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Oi:ii 

0476   0618    0501    0004   0047    0689   0732    0775    0817 

OWH) 

0IHI3   OtMu    0088    1030    1072    1115    ll&T    1109    1242 

12K4 
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525!)    [>2W    «)2II    6351    6381    6412    6442    6473    6503 

5.VS4 

r.'M   6594    iWliS    5055    6085    6715    6740    6770    5806 

mVi 

nwJO    6M07    fiHat    6067    6087    0017    6047    6077    6107 

ei;iT 

6107    0107   0227    025<I    fl2MI    0316    6340    6376    OlOB 

0435 

(H05    0405    0524   65^   0684    6013    6643    6073    6702 

6732 

0701    0701    0820   (1850   0879   00«19   6938   0007    6007 

702(1 

70r,fl    7(185    7114    7143    7173    7202    7331    7260    7289 

Jl 
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N 

O   1   2 

8   4   5   6   7   8 

»l 

150 

17609  17638  17667  17606  17725  17764  17782  17811  17840  17869  | 

1 

7898  7926  7955 

7984  8013  8041  8070  8099  8127 

8166 

2 

8184  8213  8241 

8270  8298  8327  8365  8384  8412 

8441 

8 

8469  8498  8526 

8654  8683  8611  8639  8667  8696 

8724 

4 

8762  8780  8808 

8837  8865  8893  8921  8949  8977 

9006 

5 

9033  9061  9089 

9117  9146  9178  9201  9229  9267 

9285 

6 

9312  9340  9368 

9396  9424  9461  9479  9507  9635 

9502 

7 

9690  9618  9646 

9678  9700  9728  9756  9783  9811 

9838 

8 

9866  9893  9921 

9948  9976  20008  20030  20068  20086  20112  1 

9 

20140  20167  20194  20222  20249  0276  0303  0330  0368 

0385 

leo 

20412  20439  20466  20493  20520  20548  20575  20602  20629  20656  | 

1 

0683  0710  0737 

0763  0790  0817  0844  0871  0898 

0925 

2 

0962  0978  1005 

1032  1059  1085  1112  1139  1166 

1192 

8 

1219  1245  1272 

1299  1326  1352  1378  1405  1431 

1458 

4 

1484  1511  1637 

1564  1690  1617  1643  1669  1696 

1722 

6 

1748  1775  1801 

1827  1854  1880  1906  1932  1968 

1985 

6 

2011  2037  2063 

2089  2116  2141  2167  2194  2220 

2246 

7 

2272  2298  2324 

2350  2376  2401  2427  2453  2479 

2506 

8 

2631  2567  2683 

2608  2634  2660  2686  2712  2737 

2763 

9 

2789  2814  2840 

2866  2891  2917  2943  2968  2994 

3019 

170 

28045  28070  23096  23121  23147  23172  23198  23223  23249  23274  | 

1 

8300  3326  3350 

3376  3401  3426  8462  3477  8602 

3528 

2 

8553  3678  8603 

3629  3664  3679  3704  3729  3754 

3779 

8 

8805  3830  3865 

3880  3905  3930  3955  8980  4005 

4030 

4 

4065  4080  4105 

4130  4165  4180  4204  4229  4254 

4279 

6 

4304  4829  4363 

4378  4403  4428  4462  4477  4502 

4627 

8 

4661  4676  4601 

4626  4650  4674  4699  4724  4748 

4773 

7 

4797  4822  4846 

4871  4896  4920  4944  4969  4993 

6018 

8 

6042  6066  6091 

6116  6139  6164  6188  5212  6237 

5261 

9 

6286  5310  5334 

6358  6382  6406  6431  5465  5479 

5603 

180 

25527  26551  26576  25600  25624  25648  25672  25696  25720  25744  | 

1 

6768  6792  6816 

5840  5864  5888  6912  6936  5959 

5983 

2 

6007  6081  6065 

6079  6102  6126  6160  6174  6198 

6221 

8 

6246  6269  6298 

6316  6340  6364  6387  6411  6435 

6458 

4 

6482  6606  6629 

6553  6576  6600  6623  6647  6670 

6694 

6 

6717  6741  6764 

6788  6811  6834  6858  6881  6905 

6928 

8 

6951  6975  6998 

7021  7045  7068  7091  7114  7138 

7161 

7 

7184  7207  7231 

7254  7277  7300  7323  7346  7370 

7393 

8 

7416  7439  7462 

7486  7508  7531  7554  7577  7600 

7623 

9 

7646  7669  7692 

7716  7788  7761  7784  7807  7830 

7852 

190 

27875  27898  27921  27944  279(57  27989  28012  28035  28058  28081 1 

1 

8103  8126  8149 

8171  8194  8217  8240  8262  8285 

8307 

2 

8830  8353  8376 

8398  8421  8443  8466  8488  8511 

8533 

8 

8556  8578  8601 

8623  8646  8668  8691  8713  8735 

8758 

4 

8780  8803  8825 

8847  8870  8892  8914  8937  8969 

8981 

6 

9003  9026  9048 

9070  9092  9115  9137  9159  9181 

9203 

6 

9226  9248  9270 

9292  9314  9336  9358  9380  9403 

9425 

7 

9447  9469  9491 

9513  9635  9567  9579  9601  9623 

9645 

8 

9667  9688  9710 

9732  9754  9776  9798  9820  9842 

9803 

9 

9886  9907  9929 

9951  9973  9994  30016  30038  30060  300811 
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07S0 
0963 
1175 
1387 
1697 
1806 
2015 


30125  30146  301C8  30190 

0341  03(t3  0384  0406 

0667  0578  0«(W  0621 

0771  0792  0814  0835 

0084  1006  1027  1048 

1197  1218  1339  1260 

1408  1428  1450  1471 

1618  1039  1600  1681 

1827  1848  1860  1890 

2036  2066  2077  2098 


3428  2449  2409  i 

"■A  2654  267S  2«tf5   2716 

2838  2858  2879  3800    2919 

3041  3062  3083  3102    3122 

8244  3264  8284  3304   3325 

3445  3405  3486  3606    3626 

"S  3666  3686  3706    3726 

6  3866  3885  3905    3825 

4044  4064  4084  4104   4124 

34242  34262  34282  3? 

4439  4469  4479  ' 

4635  4655  4674  '. 

■""0  4850  4869  ■ 

5025  &044  5064  ; 

■"'8  6238  5267  I 

5411  6430  5449  I 

13  6622  5641  I 


6380   6390   6418  6486 

I    6568   6586   660$  6624 

I   6754   6773   6701  6810 

-   -     -■   -I   6977  6996 

7162  7181 

,    7348  7365 

7530  7548 

7712  7731 

7804  7012 


17  7125  7144  ; 

11  7310  ' 
'5  7493  7511 
■S  7676  7694  ' 
:0  7868  7876  ; 
!l  38030  38057  3* 

12  8220  ^38  I 

6  8390  3417  ) 
il  8578  8596  t 
ffl  8757  8775  f 

7  8034  80G2  I 
14  0111  9120  i 
0  0287  0305  ' 
6  9403  l>4eo  1 


30211  SfBiSS  30265  30276  f 

0428  0449     0471    0492 

0643  0664     0685    0707 

0856  0878     08(W    O920 

1069  1001      H12     1133 

1281  1302      1323    134S 

1702  1723     1744    1765 

2118  2130      2160    2181 

i  ^l^t  ^'B^  3236G  32387 

1?^  B^^     2572    2593 

•    ^^<>"  276a      2777     9737 

'  Ts  ??S  ^<>>«  S 

°  SS  till  ii  s 

0    5889     P.aAa      "'*«•     6(66 

6642  6661     m|^    ^^ 

6829  6847     68BB    ^^ 

7014  7033     S    ^ 

7199  7218     S     S 

\m  '^^4  ??it  r^ 

'«"  7949     7067     S 


[38112  38130  38148  ' 

1  8292  8310    8328 

I  8471  8489    8507 

i  8650  8668    8686 

)  8828  8846    8863 

r  9005  9023    eo4i 

1  S182  9199    0217     . 

)  ft358  ftl75    9393    i 

i  9533  9560    9568    I 

>  9707  9724    9742    i 


/  3079i  30811  39829  39S46  39863  31 
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250  39794  39811  39829  39846  39863  39881  39898  39915  39933  39950 

1  9967  9985  40002  40019  40037  40054  40071  40088  40106  40123 

2  40140  40157  0175  0192  0209  0226  0243  0261  0278  0295 

3  0312  0329  0346  0364  0381  0398  0415  0432  0449  0466 

4  0483  0500  0518  0535  0552  0569  0586  0603  0620  0637 
6,  0654  0671  0688  0705  0722  0739  0756  0773  0790  0807 

6  0824  0841  0858  0875  0892  0909  0926  0943  0960  0976 

7  0993  1010  1027  1044  1061  1078  1095  1111  1128  1145 

8  1162  1179  1196  1212  1229  1246  1263  1280  1296  1313 

9  1330  1347  1363  1380  1397  1414  1430  1447  1464  1481 

260  41497  41614  41531  41647  41564  41581  41597  41614  41631  41647 

1  1664  1681  1697  1714  1731  1747  1764  1780  1797  1814 

2  1830  1847  1863  1880  1896  1913  1929  1946  1963  1979 
8  1996  2012  2029  2045  2062  2078  2095  2111  2127  2144 

4  2160  2177  2193  2210  2226  2243  2259  2275  2292  2308 

5  2325  2341  2357  2374  2390  2406  2423  2439  2455  2472 

6  2488  2504  2521  2537  2553  2570  2586  2602  2619  2635 

7  2651  2667  2684  2700  2716  2732  2749  2765  2781  2797 

8  2813  2830  2846  2862  2878  2894  2911  2927  2943  2959 

9  2975  2991  3008  3024  3040  3056  3072  3088  3104  3120 

270  43136  43152  43169  43185  43201  43217  43233  43249  43265  43281 

1  3297  3313  3329  3345  3361  3377  3393  3409  3425  3441 

2  3457  3473  3489  3505  3521  3537  3553  3569  3584  3600 
8  3616  8632  3648  3664  3680  3696  3712  3727  3743  3759 
4  3776  3791  3807  3823  3838  3854  3870  3886  3902  3917 

6  3933  3949  3965  3981  8996  4012  4028  4044  4059  4076 
8  4091  4107  4122  4138  4164  4170  4186  4201  4217  4232 

7  4248  4264  4279  4295  4311  4326  4342  4358  4373  4389 

8  4404  4420  4436  4461  4467  4483  4498  4514  4529  4645 

9  4560  4576  4592  4607  4623  4638  4654  4669  4685  4700 
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7 
8 
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44716  44731  44747  44762  44778  44793  44809  44824  44840  44856 

4871  4886  4902  4917  4932  4948  4963  4979  4994  5010 

5025  6040  5056  6071  6086  5102  5117  5133  5148  5163 

6179  5194  6209  5225  6240  5256  5271  6286  5301  5317 

6332  6347  5362  6378  5393  5408  6423  6439  6454  5469 

5484  5500  5515  6530  6545  5561  6576  5691  6606  6621 

6637  6652  6667  6682  5697  5712  6728  6743  5758  5773 

6788  5803  5818  5834  5849  6864  6879  5894  6909  5924 

5939  6954  5969  6984  6000  6015  6030  6045  6060  6075 

6090  6105  6120  6135  6150  6165  6180  6195  6210  6225 

46240  46265  46270  46285  46300  46315  46330  46345  46359  46374 

6389  6404  6419  6434  6449  6464  6479  6494  6609  6523 

6538  6653  6568  6583  6698  6613  6627  6642  6657  6672 

6687  6702  6716  6731  6746  6761  6776  6790  6805  6820 

6835  6850  6864  6879  6894  6909  6923  6938  6953  6967 

6982  6997  7012  7026  7041  7056  7070  7085  7100  7114 

7129  7144  7159  7173  7188  7202  7217  7232  7246  7261 

7276  7290  7305  7319  7334  7349  7363  7378  7392  7407 

7422  7436  7461  7466  7480  7494  7509  7524  7538  7553 

7567  7582  7596  7611  7626  7640  7664  7669  7683  7698 

47712  47727  47741  47756  47770  47784  47799  47813  4T^1^  -^ASi^X 
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SOO  :  47712  47727  47741  47758  47770  47784  47798  47813  4782847843 

78&7    7871    7885    7000    7014    70^    7943    7068    7972    7080 

6001    8016    BII20    8014    8058    8078    8087    8101    8116    8130 

8144    SlfiO    8173    8187    8202    821U    8230    8244    8269    8S73 

8287    83l»    Biia    8:i:!0    8344    8:160    8373    8387    8401    S41S 

biiU}    8444    84.[U4    8473    8487    8501    8516    8530    8644    8668 

8572    8580    8001    8')li    e<l->0    8043    8867    8671    8686    8700 

8714    8728    8742    8756    8770    8785    8790    8813    8827    8641 

8855   6860    868:i    6807    8011    602U    8040    8054    8068    8082 

eUOU    0010   0024    0038    9052    00(10    0060    0004    9108    0123 

810 

40130  40150  40104  40178  4010S  40206  49220  49234  49248  48262 

9270   9290    0304    0318    0332    0340    0300    9374    9388   9402 

0415    04-20   0443    0457    9471    9485   0499    0513    9627    0641 

0554    0568    9.-*2    Or.UO    0610    0024    0638   9861    9666   0670 

4  I    mm    0707    0721    0734    P748    1)702    0776    0790   9603    98171 

a  '    9831    0845    0850    0872    0880    0000    0014    9927    9941    985j| 

0000    0082    0096  50010  50024  50037  50051  5006S  60079  60092 

601UC  50120  60133    0147    0101    0174    0188    0202    0216    OUB 

0243   0250    0270    0284    0297    0311    0325    0338    0362    0G65 

0379    0303    0400    042U    0433    0447    0461    0474    0468    0601 

820 

6051 S  00529  50542  00550  OOOnO  60533  60606  60610  50623  60637 

0051    0004    0078    ODOl    0705    0718    0732    0745   0769    0772 

078(1    0709   0813   08:10   0810   0853    0866   0880    0803    0807 

0920    0034    0947    0001    0974    0987    1001    1014    1028    1041 

1065    1088   1081    1095    1108   1121    1135    1148    1162    117j 

1188    1202    1215    1228    1242    1256    1288    1282    1296    1808 

1322    1335    1318    i:i02    1375    1388    1402    1415    1428    1441 

1455    1468    1481    1405    1508    1021    1534    1648    1561    1674 

1587    IflOl    IHU    1037    1040    1054    1667    1680    1698    1706 

1720    1733    1740    1750    1772    1786    1790    1812    1825    1838 

180 

61851  51865  61878  51891  51004  51017  51930  51013  61957  61870 

1083    loot)   snOO   2022    2035   2048    2061    2075    2088    2101 

2114   2127    2U0   2153    21110    2179    2102    2206   2218    2231 

2241   2257   2270    2284   2297    2310   2323    2336   23*0   2362 

2375    2388    2101    2414   2427    2440    2463    2466   2479   2402 

2501   2517    2330    2613   25:>6    2500    2582    2005    2808    20'>1 

2n;U   2047    28110    2673    2086    2000   2711    2724    2737    2750 

27(l;l   2770    2780    2802    2815    2827    2840    2853    2866    2879 

2M02    2005    2017    21];W    204.3    205(1    2969    2982    2004    3007 

3020    3033   3010    8058    3071    3084    3007    8110    8122    3135 

810 

Kil4e  53161  5:1173  D:il8fl  53199  53212  63224  53237  63250  63263 

:i275    3288    3301    3311    3321)    3330    3352    3364    8377    3390 

3403   3415    3428   3441    345:1    3400   3479    3491    8604    3617 

3i-ao   3.M2    3555    3507    35B0    3.-.93    3605    3618    3831    3643 

awi    mtt   3081    SOiH    370(1    3710    3732    3744    3757    3709 

37H2    :I704    3807   3820   38:12    3815    3867    3870    3882    3895 

mm    :fll2()    3033    31)15    S058    3070    3983    3095    4008    4020 

40:13    4045   40i->8   4070   4083    4005    4108    4120    4133    4145 

41t-rti    4170   41K:1    4195   4208    422l)    42:13   4215    4258    4270 

laBS    4205    4:»7    4320   4:(32    434j    4357    4370    4382    4394 

— 
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350  54407  54419  54432  54444  54456  54460  54481  54494  54506  54518 

1  4531  4543  4555  4568  4580  4593  460i  4617  4630  4642 

2  4654  4667  4679  4691  4704  4716  4728  4741  4753  4765 
8  4777  4790  4802  4814  4827  4839  4861  4864  4876  4888 

4  4900  4913  4925  4937  4949  4962  4974  4986  4998  5011 

5  5023  5035  6047  6060  5072  5084  5096  6108  5121  5133 

6  5145  5157  5169  6182  5194  5206  5218  6230  6242  6255 

7  5267  5279  5291  5303  5315  6328  6340*  5352  5364  5376 

8  5388  5400  5413  5425  5437  6449  6461  6473  5485  6497 

9  5509  5522  5534  5546  6558  5570  6582  6594  5606  5618 

360  55630  55642  55654  55666  65678  55691  55703  66715  55727  55739 

1  5751  5763  5775  5787  5799  5811  5823  5835  5847  5859 

2  5871  5883  5895  5907  5919  6931  5943  5955  6967  5979 
8  5991  6003  6015  6027  6038  6050  6062  6074  6086  6098 
4  6110  6122  6134  6146  6158  6170  6182  6194  6205  6217 
6  6229  6241  6253  6265  6277  6289  6301  6812  6324  6336 

6  6348  6360  6372  6384  6396  6407  6419  6431  6443  6455 

7  6467  6478  6490  6502  6514  6626  6538  6549  6561  6573 

8  6585  6597  6608  6620  6632  6644  6656  6667  6679  6G91 

9  6703  6714  6726  6738  6750  6761  6773  6785  6797  6808 

370  56820  56832  56844  56855  66867  56879  66891  66902  56914  56926 

1  6937  6949  6961  6972  6984  6996  7008  7019  7031  7043 

2  7054  7066  7078  7089  7101  7113  7124  7136  7148  7159 

3  7171  7183  7194  7206  7217  7229  7241  7252  7264  7276 

4  7287  7299  7310  7322  7334  7345  7357  7368  7380  7392 

5  7403  7415  7426  7438  7449  7461  7473  7484  7496  7507 

6  7519  7530  7542  7553  7565  7576  7588  7600  7611  7623 

7  7634  7646  7657  7669  7680  7692  7703  7715  7726  7738 

8  7749  7761  7772  7784  7795  7807  7818  7830  7841  7852 

9  7864  7875  7887  7898  7910  7921  7933  7944  7955  7967 

3S0  57978  57990  58001  68013  58024  58035  58047  58058  58070  68081 

1  8092  8104  8115  8127  8138  8149  8161  8172  8184  8195 

2  8206  8218  8229  8240  8252  8263  8274  8286  8297  8309 
8  8320  8331  8343  8354  8365  8377  8388  8399  8410  8422 

4  8433  8444  8456  8467  8478  8490  8501  8512  8524  8635 

5  8546  8657  8569  8580  8591  8602  8614  8625  8636  8647 

6  8659  8670  8681  8692  8704  8715  8726  8737  8749  8760 

7  8771  8782  8794  8805  8816  8827  8838  8850  8861  8872 

8  8883  8894  8906  8917  8928  8939  8950  8961  8973  8984 

9  8995  9006  9017  9028  9040  9051  9062  9073  9084  9095 

390  59106  59118  59129  59140  59151  69162  59173  69184  59195  59207 

1  9218  9229  9240  9251  9262  9273  9284  9295  9306  9318 

2  9329  9340  9351  9362  9373  9384  9395  9406  9417  9428 
8  9439  9450  9461  9472  9483  9494  9506  9517  9528  9539 
4  9550  9561  9572  9583  9594  9605  9616  9627  9638  9649 
6  9660  9671  9682  9693  9704  9715  9726  9737  9748  9759 

6  9770  9780  9791  9802  9813  9824  9835  9846  9857  9868 

7  9879  9890  9901  9912  9923  9934  9945  9956  9966  9977 

8  9988  9999  60010  60021  60032  60043  60054  60065  60076  60086 

9  60097  60108  0119  0130  0141  0152  0163  0173  0184  0195 


400 


60206  60217  60228  60239  60249  60260  60271  60282  60«2a^m^ 
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N|01234:C67        89| 

400 

(i020«  60217  60228  60238  00249  fflEfiO  60271  002B3  60283  60304 

0314    0325    0336    0347    036B    0369   037B    0390    0401    0412 

0423    0433    0444   04G5    0406    0477    04S7    04ilS    0509    O520 

0531    0641    0562    0563    0574   0584   0505   0606    0017    0627 

0638    0049    0660   0670    0681    0682   0703    0713    0724    073i 

0746    0766    0767    077B   0788    0799   0810   0821    0831    0842 

085:1    0863    OS74    088$    0806   0006   0917    0927    0938    0949 

0069    0870-  OSBl    0(191    1002    1013    1023    1034    1045    1055 

1066    1077    1087    109B.1100    1119    1130    1140    1161    1162 

1172    1183    1194    1204    1215    1225    1236    1247    1257    1268 

410 

61278  61289  61300  61310  61321  61331  61342  61362  61363  61874 

13S4    1391    1406    1416    1426    1437    1448    1468    1469    1479 

1490    1600    1611    1521    1532    1642    1563    1563    1574    1584 

1506    1806    1616    1627    1637    1648    1668    1660    1079    1690 

1700    1711    1721    1731    1742    1752    1763    1773    1784    1784 

1805    1815    1820    1836    1847    1857    1868    1878    1888    1896 

1809    1920    1830    1941    1961    1062    1972    1982    1993    2003 

2014   2024    2034   204S    2055   2066    2076    2086    2097    2107 

2118    2128    2138   2140   2159    2170   2IB0   2190    2201    2211 

2221    2232   2242    2262    2268    2273   2284    2294    2304    231i 

420 

B2325  62336  62346  62356  62366  62377  62387  62397  62408  62418 

2428   2439    2449    2450    2460   2480    2490   2600   2511    2521 

2531    2542    2552    2562    2672    2583    2503   2603    2613    2624 

2634   2644   2665    2665    2675    2685   2696   2706    2716    2726 

2737    2747    2757    2707    2778   2788    2788    2808    2818   2829 

2839   2849    2859   2870   2880    2890   2900   2910    2921    2931 

2941    2951    2961    2972    2982    2992    3002    3012    3022    3033 

3043   3063    3063   3073    3063    3094    3104   3114   3124    3134 

3144    3155    3165    3175    3185    3195    3206   3215    3226    3236 

3246   3266    3266   3276    3286    3290    3306   3317    3327    3337 

4S0 

63347  63367  63367  63377  63387  63397  63407  63417  63428  63438 

3448    3168    3468    3478    3488    3488    3608   3518    3528    3638 

3548    3568    3668    3679    3689    3609    3609    3619    3629    3639 

3649   3059    3669    3079    3089    3699    3700    3719    3729    3738 

3749    3769    3769    3778    3789    3709    3809   3819    3829    3839 

3B49    3859    3809    3870   3889    3889    3909   3919    3829    3939 

3049    3959    3969    3979    3988    3898   4008   4018    4028    4038 

4048   4058    4068    4078   4088    4008   4108   4118    4138    4137 

4147    4167    4107    4177    4187    4107    4207    4217    4227    4237 

4246   4256    4266   4276   4286    4296   4306   4316   4326   4336 

440 

64345  64356  64366  64375  64385  64395  64404  64414  64424  64434 

4444   4454   4464    4473   4483    4493    4503   4613    4523    4533 

4542    4552    4562   4672    4582    4501    4601    4611    4621    4631 

4040   4050    4660    4070    4080   4689   4699   4709    4719    4729 

4738    4748    4768    4768   4777   4787    4797    4807    4816    4826 

4836    4846   4856    4865   4875   4885    4885    4904    4914   4924 

4933    4043   4953    4003    4073    4082    4002    6003    5011    6021 

6031    6040    6050    5060    5070    6079    5089    5099    5108    6118 

*/   6128   5137    5147    b\m    &WT    51T6    518*1    6108    6205    621j| 

•/ 

622^    6234    6244    &254    620a   WTi   btea   Wfl   WM    5312 1 

/6632I  65331  65341  66350  65300  K»3a^ftyil*^Wffft?.WSa««ft\ 
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N 

01234567S9 

160 

65321  6:1331  65341  65350  C53n0  66369  65379  65389  66398  65408 
6418    5427    6437    6447    6466    6486    6475    6485    5495    6504 

5514    5523    5533    5543    5562    5562    6671    6681    6591    5600 

6610    6619    6629    6639    5648    5658    5617    6677    6686    6696 

6706    5716    5725    5734    6744    6753    6763    5772    6782    5792 

6801    6811    68a0    5830    6839    5849    5858    6868    6877    5887 

5896    5906    5016    5925    5935    6944    6964    5963    5973    5982 

5992    6001    6011    6020   6030    6039    6049    6058    6068    6077 

6087    6006    6106   6115    6124    6134    6143    6163    6102    6172 

^ 

6181    6191    6200   6210   6219    6229   6238    6247    6257    6206 

460 

66276  66286  66295  66304  66314  66323  66332  66342  66361  66361 
6370    6380    6389    e;198    6408    6417    6427    6436    6446    6455 

6464    6474    6483    6492    6602    6511    6521    6530    6539    6549 

6568   6567    6577    6586    6596    6605    6614    6624    6633    6642 

6652    6661    6671    6680   6689    6699   6708    6717    6727    6786 
6745    6755    6764    6773    6783    6792    6801    6811    6820    6829 

6839    6848   6857    6867    6876    6885    6894    6904    6913    6922 

6932    6941    6950    6960    6969    6978    6987    6997    7006    7015 

7025    7034    7043    7052    7062    7071    7080    7089    7099    7108 

7117    7127    7136    7145    7154    7164    7173    7182    7191    7201 

470 

67210  67219  67228  67237  67247  67256  67265  67274  67284  67293 
7302    73U    7321    7330    7339    7348    7357    7367    7376    7385 

7394    7403    7413    7422    7431    7440    7449    7459    7468    7477 

7486    7496    7604    7614    7523    7532    7641    7660    7660    7500 

7578    75B7    7696    7605    7614    7024    7633    7642    7651    7660 
,7069    7679    7688    7697    7706    7716    7724    7733    7742    7762 

7761    7770    7779    7788    7797    7806    7816    7825    7834    7843 

7852    7861    7870    7879    7888    7807    7906    7916    7925    7934 
71M3    7052    7061    7070    7979    7988    7907    8006    8015    8024 

8!)34    8043    8052    8061    8070    8079    8088    8007    8100    8115 

J 

68124  68133  68142  68151  68160  68169  68178  68187  68106  68206 

8215   8224    8233    8242    8251    8260    8269    8278    82B7    6290 

a^iOi    8314    8323    8332    8341    8350    8369    8368    8377    8386 

8J95    8404    8413    8422    8431    8440    8449    8458    8467    8476 

8485    8494    8502    85U    8620    8529    8538    8547    8556    8565 

8074    8583    8592    8601    8610    8619    8628    8637    8646    8655 

8664   8673    8681    8690    8699    8708    8717    8726    8735    6744 

8753    8762    8771    8780    8789    8797    8806    8815    8824    8833 

8842    8851    8860    8809    8878    8886    8805    8904    89!3    8922 

e 

8031    8940    8049    8958    8966    8976    8984    8993    9002    9011 

490 

60020  69028  69037  69046  69055  69064  6B073  69082  69090  69099 
OiOB    9117    9126    9135    9144    9162    0161    9170    9179    9188 

0197    0205    9214    9223    0232'  9241    9249    9258    0267    0276 

9235    9294    9302    9311    9320    9329    0338    9346    9355    0364 

9373    9381    9390    9390    9408    9417    9435    0434    9443    9452 
9461    9469    9478    9487    9496    9504    0618    9522    9531    0589 

9648    9557    9666    9574    9583    9592    9601    9600    9618    9637 

9638    9644    9653    9662    9671    9679    9688    9697    0705    9714 

0723    9732    9740    9749    9758    0767    0775    ftlW.  SiT.W).   •*'*iSV\ 

9810    9819    9827    9836    OMS    ftftSA    ^mi   W.-\V    SK*»   '^^^ 

Sm  1  €9807  60006  69914  69923  69932  GMW  emW  W^W,  WRRA  «« 

W^ 
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N 

0123456789 

600 

69897  69006  69914  89023  60033  COSMO  6B949  69958  69966  69075 

9064    0092  70001  70010  70018  70027  70036  70044  70053  70082 

70070  70079    0OB8   0098    OlOj    0114    0122   0131    0140    0148 

0157    0165    0174   0183    0191    0200    020B   0217    0226    02*4 

0243    0252    0280    0200   0278   0286    029j   0303   0312    0321 

0320   0338    OSJO   OSSj    0364    0372   03B1    0389   0398    0406 

0415    0424    0432    0441    0449   0458   0467    M75    M84    0492 

0501    0509   0518    0526   0M5   0544    0562   0561    0569    0678 

05M    050S    06a3    0612   0621    0629   0638   0616    0655    0663 

0672    0680   00H9    0607    0700   0714    0723   0731    0740    0749 

610 

70757  70766  70774  70783  70701  70800  70808  70817  70826  70834 

0842    0851    0859    0868   0870    088£    0893   0902    0010    0919 

0027    0935    0944    0952    0061    0969    0078    0966    0995    1003 

1012    1020    1029    1037    1046    1064    1063    1071    1079    1088 

1006    llOi    1113    1122    1130    1139    1147    1155    1184    1172 

1181    1199    1108    1206    1214    1223    1231    1240    1248    1257 

I26i    1273    1282    1290    1209    1307    1316    1324    1332    1341 

1340    1357    1366    1374    1383    1301    1300    1408    1416    142S 

1433    1441    14S0    1458    1406    1475    1483    1492    ISOO    1508 

1517    1525    1533    1542    1560    1559    1567    1676    1684    1502 

GSO 

71600  71009  71617  71625  71634  71042  71650  71659  71667  71675 

1884    1693    1700    1700    1717    1725    1734    1742    1760    1760 

1707    1775    1784    1792    1800    1609    1817    1826    1834    1842 

1860    1858    1867    1875    1883    1802    1000    1908    1917    lOij 

1933    1941    1950    lOM    1906    1075    1083    1901    lOOB    2008 

2018    2024    2032    2041    2049    2057    2066    2074    2082    2000 

2099    2107    2115    2123   2132    2140    2148    2166    2185    2173 

2181    2189    2198   2206    2214    2222    2230    2230   2247    2255 

2263    2272    2280   2268    2206   2304    2313    2321    2329    2337 

2340    2364    2302    2370   2378    2387    2395    2403    2411    2410 

680 

72428  72436  72444  72452  72460  72489  72477  72485  72403  72601 

2600   2518    2526    2534    2542   2.V)0    2558    2567    2575    2583 

2601    2699    2C07    2016    2624    2632    2640   2648   2656    2665 

2673    2681    2689   21197    2705   2713    2722    2730   2738    2746 

2764   2762    2770    2779   2787    2705    2803    2811    2819    2827 

2835    2813   2852    2800   2808    2876    2884   2893   2000    2908 

2016    2iG5    2333    2941    2019    2057    2065   2973    2081    2080 

2907    3001)    3014    3032    3030    30:38    3048    3054    3062    3070 

3076    30Hfl    3004    3103    3111    3119    3127    3135    3143    3151 

8169    3107    3175    3183    3101    3109    3207    8216    3223    3231 

640 

73239  73247  73255  73263  73273  73380  73286  7329B  73304  73313 

at20    *!23    33:M;    3344    1353    3;!<!0    3368    8376    3:184    3392 

3400    3468    3416   3424    3432    3440    3448    M  56    3464    3472 

3480    3488    3496    i'^U   3513    »->20   3538    3636    3544    3553 

3580    3568    3576    3.W4   8Q92    SflOO    3(i08    3818    3624    3832 

3840    3848    3058    !»m    3673    3870   3687    3695    3703    3711 

3710    3727    3735    3743    8761    37.-fl   3767    377;    3783    8791 

3700    3807    3S15    3H23    3830    3m:I8    3IM6    38.H    3662    3870 

3«78    3886    3804   31103    31110    :11'I8    31I38    3033    3041    3«9 

3957    3065    3073    3061    3080    3007    4005    4013    4020    4038 

oj  740m  7i044  740.V2  74000  740«8  74070  74081  74002  74(W9  74107  | 
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N 

0        133460780 

smT 

74038  74044  74052  74000  74008  74070  74084  74003  740«0  74107 
4115    4123    4131    4139   4147    im    4102    4170   4178    4186 

4104   4202    4210    4218    4225   4233   4241    4249   4267    4265 

4273   4280   4288    4200   4804   4312    4320   4337    4335   4843 

4351    4350   4367    4374   4382    4300   4308    4400    4414   4421 
4420   4437    444^    4453   4401    4408   4470   44B4    4402    4500 

4507    4515    4G23    4531    4539   4547    46f-4   4502    4570    4578 
4586   4503    4001    4009    4617    4024    4632    4040    4848    4066 

4663   4671    4079   4087    4695    4702    4710   4718   4726    4733 

4741    4740    4T67    4764   4772   4780    4788   4706   4803   4811 

660 

74819  74827  74834  74842  748S0  74858  74865  74873  74881  74889 
4806   4004   4912    4020    4027    40S5    4043   4050   4058    4(W0 

4S74   4081    4080    4U07    600£    6012    5020    5028    6085    6043 

6051    6050   6060    5074    5082    5089    50B7    5105    5113    6120 

5128   5136    6148    6151    5159    5166    6174    6182    6189    6197 

5205    6213    6220    5228    5230    5243    6251    6250   5266    5274 

5282    6289    5207    6303    5312    5320    532S    6335    6343    5351 
5368    6380    6374    6381    5389    6307    6404   6412    6420    6427 
6435    5442    5450    5458    &MI5    5173    5481    6488    6496    5504 

5611    5519   6526    5534    5642    5549   6657    6665    6672    6680 

670 

76587  75505  75603  76610  75618  75626  75633  76641  76648  75666 
5004    5671    5679    5088    5604    6702    6709    5717    5724    6732 

6740    6747    6755    6702    6770    6778    6785    5793    6800    6808 
6B15    5823   5831    5838    5846    6853    5861    5868    6876    5B84 

6891    5809   6006    5914    6021    6029   6037    6944    6062    6069 
5007    6974   6982    5989    5997    6005    6012   6020   6027    6035 

6042    6050   0067    6065    6072    6080   6087   6095    6103    0110 

6118   0125    0133    8140   6148   6156   6103    8170    6178    8185 

6103    6200    (1208    6215   6223    0230    0238   6245    0253    0260 

6268    6275    6283   8200   6298   6306    0313   6330   6338    6336 

S80 

70343  76350  70358  76366  76373  76380  76388  76395  76403  76410 
8418    6425    8433   6440    6448    0465    0463   6470   6477    6485 

6402    0500    6507    6515    6522    6530    6537    8645    6&&2    6569 

6567    6574    6682    6589   6607    6604    6612   6019   6626    6634 

6641    6649    6656    6664   6671    6678   6086    6693   6T01    6708 
0716    6723    6730    6738   6745   6763   6780    0768    6775    6782 

6700   6797    6805    6812    88)9   6837    6834    6842    6949    0860 

6864    6871    8879    6886    6803   6901    6903    6016    6923   6030 

0938   6946   6953    6060    6967    6975    6983    6989    6997    70O4 

7012    7019    7026    7034    7041    7048    7056    7063    7070    7078 

690 

77085  77093  77100  77107  77115  77133  771S9  77137  77144  77161 
7169    7186    7173    7181    7183    7195    7203    7310    7217    7225 

7232    7240    7247    7^54    7262    7289    7276    7283    7291    7208 
7305    7313    7320    7327    733S    7343    7349    7357    7364    7371 

7379    7386    7393    7401    7408    7416   7422    7430    7437    7444 

7452    7469    7466    7474    7481    7488    7405    7503    7510    7517 

7625    7682    7539    7546    7664   7661    7568    7676    7683    7590 

7607    7605    7612    7619    7637    7634    7641    7648    7066    7n(i3 

7670    7677    7685    7692    7699    7706    7714    7721    7728    7735 

7743    7750    7757    7764    7772    7770    7786    7793    7801    7808 

eoo 

77815  77832  77830  77837  77844  77861  n%yj  Tl*&&  lA^I^-VIWSAj^ 
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77822  77830  77837  7 
780S  7002  7B09  ' 
7067    7B74    7981    ' 


I  8061  8008  8075 

i  ei32  8140  8147 

■  8204  8211  8210 

I  8210  8283  8200 


3  78540  78647  78554  78561  78500  78576 

4  8611  8618  8625  8633  8040  8647 
6  8082  8689  8696  8704  8711  8718 
6   8763    8760   8767    8774    8781    8789 


I   0036    0043   OOiO 
I    9100    9113    9120 

I  una  0183  9100 


8986  8993  0000 

9057  0064  0071 

9127  9134  9141 

9107  0204  0211 


77866  77873  77S 

7038  7945  7S 

8010  8017  8« 

8082  8089  SC 

8154  8161  81 

8226  8233  »i 

8297  8305  8J 

8369  8376  K 

8440  8*47  « 

8512  8510  S£ 

78583  78500  7K 

8054  8661  ee 

8725  8732  87 

879a  8803  Si 

S866  8873  Bf 

8937  8B44  » 

0007  9014  9t 

9078  9085  8f 

91 48  0165  91 

9218  0225  9S 

79230  70246  70253  70260  70207  79274  79281  79288  79295  703 

0309   9310    0323   9:)30   9337    0344   9351    93oS  9365  93 

9379    0386    0393   9400    9107    0414   9421    9428  9435  01 

0449   91S6    0463    9470   9177    9484    9491    9498  950^  9a 

0518   9625    0532    9530   9516    0653   0560   9567  9574  9= 

0588   9505    0602    9609   0016    9623   9630    9637  0644  0« 

0657    0664    9671    0678    9685    9693    9000    9706  9713  07 

9727    0734    0741    074B    0754    97C1    9768    0776  0782  97 

9700    9803    0810   9817    0824    9831    9S37    0M4  9851  06 

9866   0872    9370    0886    9803    9900    0906    9913  9920  9S 

79934  70941  70048  7095S  70062  79009  79976  79982  7908B  798 
80003  60010  80017  80024  80030  80037  80014  80051  80058  600 
0072  0070  0085  0002  0009  0106  0113  0120  0127  01 
0140  0147  0154  0101  0168  017£  0182  0188  0196  0£ 
0209  0216  0223  0229  0236  0243  0250  0257  0264  (& 
0277  0284  0291  0298  0305  0312  0318  0325  0332  OS 
0346  0353  0350  0366  0373  0380  0387  0393  0400  W 
0414  0421  0428  0434  0441  0449  045S  0462  0468  04 
0482  0489  0496  0502  0500  0516  0523  0530  0536  Oi 
0550    0557    0564    0570   0577    0584    0591    0598   0604   06 

80618  80025  80032  8003?  S0645  80052  80669  80606  80672  SOfl 

0686  0693  0609  0706  0713  0720  0726  0733  0740  07 

0754  0760  0767  0774  0781  0787  0794  0801  0808  Of 

0821  0828  0835  0841  0S48  0855  0862  0868  0875  W 

0889  0895  0902  0009  0016  0922  0920  0936  0943  OH 

0956  0063  0060  0976  0083  0900  0906  1003  1010  IC 

1023  1030  1037  1043  lOSO  1057  1064  1070  1077  M 

lOm  1097  1104  1111    1117  1124  1131  1137  1144  11 

1158  1164  ini  111%  uw  wm  wsft  van  1211  12 
1224  1231  1238  1245  ^^^^  ^"i^*  "^^^  '^^'^  '^■'^'*'  "^ 
ftWl^  ftV'SSV  %\^«.  WJA^S 


•O  /  S120I  81298  81305  613V\  ft 


TABLE  XVH.^TX)OARTTHMS  OF  NUMBERS.       711 


N 


L 


650 

1 
2 
8 
4 
5 
6 
7 
8 
9 

oeo 

1 
s 

8 
4 
5 
6 
7 
8 
9 

670 
1 
2 

8 
4 
5 
6 
7 
8 
9 

680 
1 
2 
8 

4 
5 
6 
7 
8 
9 

690 

1 
2 
3 

4 
5 
6 
7 
8 
9 


O 


6 


8   9 


81291 
1358 
1425 
1491 
1558 
1624 
1090 
1757 
1823 
1889 

81954 
2020 
2086 
2151 
2217 
2282 
2347 
2413 
2478 
2543 

82607 
2672 
2737 
2802 
2866 
2930 
2995 
3059 
3123 
3187 

83251 
3315 
3378 
3442 
3506 
3569 
3632 
3696 
3759 
3822 


81298 
1365 
1431 
1498 
1564 
1631 
1697 
1763 
1829 
1895 

81961 
2027 
2092 
2158 
2223 
2289 
2354 
2419 
2484 
2549 

82614 
2679 
2743 
2808 
2872 
2937 
3001 
3065 
3129 
3193 

83257 
3321 
3385 
3448 
3512 
3575 
3639 
3702 
3765 
3828 


81305 
1371 
1438 
1505 
1571 
1637 
1704 
1770 
1836 
1902 

81^68 
2033 
2099 
2164 
2230 
2295 
2360 
2426 
2491 
2556 

82620 
2685 
2750 
2814 
2879 
2948 
3008 
3072 
3136 
3200 

83264 
3327 
3391 
3455 
3518 
3582 
3645 
3708 
3771 
3835 


81311 
1378 
1445 
1511 
1578 
1644 
1710 
1776 
1842 
1908 

81974 
2040 
2105 
2171 
2236 
2302 
2367 
2432 
2497 
2562 

82627 
2692 
2756 
2821 
2885 
2950 
3014 
3078 
3142 
3206 

83270 
3334 
3398 
3461 
3525 
3588 
3651 
3715 
3778 
3841 


81318 
1385 
1451 
1518 
1584 
1651 
1717 
1783 
1849 
1915 

81981 
2046 
2112 
2178 
2243 
2308 
2373 
2439 
2504 
2569 

82633 
2698 
2763 
2827 
2892 
2956 
3020 
3085 
3149 
3213 

83276 
3340 
3404 
3467 
3531 
3594 
3658 
3721 
3784 
3847 


81325 
1391 
1458 
1525 
1591 
1657 
1723 
1790 
1856 
1921 

81987 
2053 
2119 
2184 
2249 

2315 
2380 
2445 
2510 
2575 

82640 
2705 
2769 
2834 
2898 
2963 
3027 
3091 
3155 
3219 

83283 
3347 
3410 
3474 
3537 
3601 
3664 
3727 
3790 
3853 


81331 
1398 
1465 
1531 
1598 
1664 
1730 
1796 
1862 
1928 

81994 
2060 
2125 
2191 
2256 
2321 
2387 
2452 
2517 
2582 

82646 
2711 
2776 
2840 
2905 
2969 
3033 
3097 
3161 
3225 

83289 
3353 
3417 
3480 
3544 
3607 
3670 
3734 
3797 
3860 


81338 
1405 
1471 
1538 
1604 
1671 
1737 
1803 
1869 
1935 

82000 
2066 
2132 
2197 
2263 
2328 
2393 
2458 
2523 
2588 

82653 
2718 
2782 
2847 
2911 
2975 
3040 
3104 
3168 
3232 

83296 
3359 
3423 
3487 
3550 
3613 
3677 
3740 
3803 
3866 


81345 
1411 
1478 
1544 
1611 
1677 
1743 
1809 
1875 
1941 

82007 
2073 
2138 
2204 
2269 
2334 
2400 

2465 
2530 

2595 

82659 
2724 
2789 
2853 
2918 
2982 
3046 
3110 
3174 
3238 

83302 
3366 
3429 
3493 
3656 
3620 
3683 
3746 
3809 
3872 


81351 
1418 
1485 
1551 
1617 
1684 
1750 
1816 
1882 
1948 

82014 
2079 
2145 
2210 
2276 
2341 
2406 
2471 
253& 
2601 

82666 
2730 
2795 
2860 
2924 
2988 
3052 
3117 
3181 
3245 

83308 
3372 
3436 
3499 
3663 
3626 
3689 
3753 
3816 
3879 


83885  83891  83897  83904 

3948  3954  3960  3967 

4011  4017  4023  4029 

4073  4080  4086  4092 

4136  4142  4148  4155 

4198  4205  4211  4217 

4261  4267  4273  4280 

4323  4830  4336  4342 

4386  4392  4398  4404 

4U8  4454  4460  4466 

700 1 84510  84516  84522  84628 


83910  83916  83923  83929  83935  83942 
3973  3979  3985  3992  3998  4004 
4036  4042  4048  4055  4061  4067 
4098  4105  4111  4117  4123  4130 
4161  4167  4173  4180  4186  4192 
4223  4230  4236  4242  4248  4255 
4286  4292  4298  4305  4311  4317 
4348  4354  4361  43ftl  ^•\'?»  ^^^^^ 
4410  4417  44a^  4A^^  ^^^  '^^^ 
4473  4479  44%S.  ^^^  ^^'^  ^^^^, 

84535  84541  ^4541  %4^^"^  ^4^^^^^ 


is 
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TABLE  XVTI.-TXKIARITHMR  OP  NtTMBERS. 

N  1     O        1       3       3 

4       5        fl        7        «       9 

TWT 

84510  B4516  84522  SJ.'.28 

645:i5  84611  84647  84663  84509  84^*1 

4572    45T8    45S4    4aiffl 

4607    4003    4009    4016    4021    4^:28 

4034    4(140    404»   4l(.-.2 

4058   «UOj    1H71    4077    40»3    Hisa 

4ai»    47U2    4708    4714 

4720   4720    47:i3    4739    474|    4751 

47S7    47U3   4770    4770 

4782    4788    4704    4800    48()7    4813 

4819    4Ba5   4831    4m 

4844    4850   4850    4802    4808    4874 

4880    4H87    48«3   48!H> 

4006   4011    4017    4924    4030    493i! 

4i)42    41148   41(i4    4W10 

4007    4073    4070    4085    4001    40SI7 

5003    5IN)0    5010    50--'2 

6028    50;U    6040    5046    6062    60i8 

6005    6071    5077    6083 

5080    6096   6101    6107    6114    5120 

710 

BG13A  85132  851^  85144 

85160  85160  86103  S61SS  86175  85181 

JiI87    6mi    SiVi.}    H-Mr, 

6211    6217    5224    6230    623.1    5242 

G248    6:>M    5200    5200 

5272    5278    6285    6291    62U7    6303 

5300    BUS    6321    5;W7 

5:133    63:j9    6345    5;)52    5368    5304 

6370    6:17(1    5;182    fi;W8 

6:J94    6400    6400    6412    6118    WZ; 

6431    6487    6443    5440 

6465    6401    MO?    6473    6470    6485 

6491    6407    6S03    5600 

6510    6522    6628    5534    6640    6640 

6652    5058    6604    &)70 

5570    65:2    5688    55lt4    5000    6006 

5012    6018    5025    50.11 

6037    5043    6040    5065    60(tl    5607 

5673    5070    60»£    6091 

5007    6703    5700    5716    6721    6727 

7S0 

85733  80739  86745  85761  85757  86703  86760  86776  86781  86788 1 

6704    GBOO    6800    5al2 

5818    0824    5830    683(1    6842    6848 

5864    6K00    68'HS    5K72 

6878    6884    5890    6806    69(J2    6908 

6914    5iyO    5920    5!.;(2 

6038    6044    5050    6956    6mt2    6008 

5i»74    6HH0    5080    6!«»2 

6008   0004   0010    0016    6023    002S 

01)34    11041)   00K1    (HJ52 

0068   0004    0070    6070    6082    6088 

0001  oioo  oiin;  0112 

0118   0124    0130    8136    6141    0147 

G163    0159   0105   0171 

0177    0183    0189    0196    6201    0207 

0213    6310   (1225   0231 

0237    0243    0210    0255    6201    0267 

0273    0270   G28i    0201 

0207    0303    0308    0314    6320    6326 

780 

80332  SaSaS  8i;344  80360  80351]  80302  B03>ie  80374  80380  SG3B6  [ 

t)3»2    0308   <I404    0410 

0116   (U21    0427    0433    0430   044^ 

0431    6407    (HO:!    0400 

0475    0481    0487    0493    040(1    0604 

0610    0610    0622    0528 

Or>M    0540   0640    6662    6658    061M 

(1670    057(1   0681    0587 

05113  nm>  0006  aoii  con  «gsx 

11020   cms    (KMI    0040 

0052   (0158    BOfti   8670    6676    eCS2 

0088    OOIM    0700   0705 

0711    0717    0723    0720    6735    0741 

0747   07.'.:!    1(750    0704 

0770    0770   0782    0788    671W    0800 

0800   0812    0817    0823 

0320   0M35    Oall    08)7    0853    0859 

0804   0870    0870   0882 

0888   0804   0900    0006    6011    0H17 

740 

80923  80020  80935  8i!fl41  8(i!i47  80n:r.3  80068  80064  80070  80070 1 

01lt<2    (low    0004    li'Mt 

71103    7011    7017    7023    7020    70:1; 

7W0    71H0    7062    7058 

7004    7070    7075    7081    7087    709:1 

7000    710S    7111    7110 

7122    7128    7134    7140    7140    7161 

7167    7103    7100    7175 

7181    7180    7102    7198    7204    7210 

7210   7221    7227    72:pl 

72:10    7245    7251    7256    7262    7208 

7274    7280    7280    7201 

7297    7:i03    7309    7315    7320    732ti 

7332    7:1:18   7344    7:!40 

7;i-'.5    7301    7387    7373    7379    73»4 

7300    7:!!K1    7402    7408 

7413    7419    7425    7431    7437    7442 

7448    7464   7400    74Ud 

7471    7477    7483    7489    7495    7600 

■0  187600  87512  8751S  ^lhi.%  ai&M  ft-WlS  97541  87547  87552  87658| 

TABLE  XVn.—LOOARITHMS  OP  NUMBERS.       7lS 

N 

Oia34S<i7S» 

750 

87606  87512  87518  87623  87&29  87535  87541  B7&47  87052  8T668 

7564    7670    757G    7681    7587    7603    76fl9    7UM    7010    7(118 

7022    7(128    Itm    7(139    7645    7051    7666    7602    7808    7674 

7679    7686    76111    7697    7703    7708    7714    7720    77^6    7T31 

7737    7748    7740    7764    7760    7708    7772    7777    7783    7789 

7705    7800    7800    7812    7818    7823    7829    7835    7841    7840 

7852    7858    7864    7869    7875    788!    7887    7892    7808    7904 

7010   7915    7921    7927    7033    7938    7044    VOJO    7055    7901 

7967    7973    7078    7984    7900    7906    8001    8007    8013    8018 

8024   8030    8036    8041    8047    8063    8058    8004    8070    8070 

760 

88081  881)87  88003  88008  88104  88110  88110  88I2X  88127  88133 

8138    8144    8I50    8156    Blfll    8107    8173    8178    8184    8100 

8195    8291    8207    8213    8218    8224    8230    8236    8241    8247 

8252    8268    8284    8270    8275    6281    8287    8292    8208    8;!04 

8309    a^lS    8321    8326    8332    8338    8843    8349    8355    8380 

8306    8372    8377    838;J    8389    8395    8400    8400    8412    8417 

94-33    8429    8434    8440    8446    846!    8457    9463   8408    8474 

8480   8486    8401    8497    8502    8508    8513    8519    8625    8530 

BiKi    &542    8647    8553    8569    8504    8670    8676    8681    8587 

8593    8598    8004    8610    8016    8021    8627    8032    8638    8C43 

770 

88649  88fl5S  88060  88660  88672  98677  88683  88080  88604  88700 

8706    8711    8717    8722    8728    8734    8739   8745    8760    8756 

87(12    8707    8773    8770    8784    8790    8795    8801    8807    8812 

8818   8824    8820    8835    8840    9846    9862    8867    8863    8868 

8874    8880    8885    8891    9897    8902    8908    8913    8910    8025 

8930   8930    894!    8H47    8953    8058    9INI4    8969    8975    8081 

9086    8902    8997    00(K3    0009    0014    9020   9025    IHI31    9037 

9042    0048    0053    0060    0064    0070    0076    0081    0087    0092 

U0!I8    OKU    9109    0115    0120    0128    9131    9137    9143    0148 

U154   0150    010a    B170    0170    9182    0187    0103    0198    0204 

7§0 

89200  89215  89221  89226  89232  89237  89243  80249  89264  89960 

0265    9271    9270    0282    9297    0293    9298    lt304    9310    0316 

9321    0320    9112    0:137    9343    0348    9354    0360    03(16    0371 

9376    9382    9387    mm    0308    0404    0409    9415    0421    9426 

0432    0437    0443    9448    9464    9459    0405    0470    0476    0481 

0487    0402    0498    9504    0509    0515    0620    9520    0531    9537 

9.-42    0648    0553    9650    9504    9670    0675    0581    0580    0602 

9607    0603    9609    0614    0620    0025  -0031    96:«    9642    91147 

91153    0658    0604    0600    9675    0680    0680    0691    0697    0TO2 

0708   9713    0710    0724    0730    0735    9741    0740    9762    9757 

700 

89763  89768  89774  80770  89785  89700  89790  B9801  89807  80812 

9818    0823    9829    9834    0840    0845    0861    0866    0862    0807 

0873    9878    988:J    0880    0894    0900    0905    9911    9910    0932 

9927    0933    9938    9044    0949    0065    0060    9066   0071    0077 

(«t82    9988    9093    0098  900(U  90009  90015  90020  90026  90031 

90037  00042  00048  00053    0059    0004    0069    0075    0080    0086 

0091    0097    0102    0108    0113    0119    0124    0129   01.35    0140 

0146    0161    0157    0162    0168    0173    0170    0184   O180    0195 

0200    0206    0211    0217    0222    0227    0233    0238   0244    0240 

0255    0260    0266    0271    0276    0282    0287    0203    0208    a304 

BOO 

00309  00314  00320  0a325  0W13I  W33a  WUI  wyiv\  Wftyi.^W« 

714      TABLE  XVn.— LOGARITHMS  OF  NUMBERS. 


N 

0   1234   567   8   9 

800 

90300  90314  90320  90326  90331  90336  90342  90347  90352  90368 

1 

0363  0369  0374  0380  038i  0390  0396  0401  0407  0412 

8 

0417  0423  0428  0434  0439  044^  04^0  0465  0461  0466 

8 

0472  0477  0482  0488  0493  0499  0604  0609  0515  0620 

4 

0626  0631  0536  0642  0547  0663  0668  0663  0569  0674 

5 

0680  0685  0590  0696  0601  0607  0612  0617  0623  0628 

6 

0634  0639  0644  06^0  0665  0660  0666  0671  0677  0682 

7 

0687  0693  0098  0703  0709  0714  0720  0725  0730  0736 

8 

0741  0747  0752  0767  0763  0768  0773  0779  0784  0789 

9 

079i  0800  0806  08U  0816  0822  0827  0832  0838  0843 

810 

90849  90854  90859  9086^  90870  90875  90881  90886  90891  90897 

1 

0902  0907  0913  0918  0924  0929  0934  0940  094^  0950 

2 

0956  0961  0966  0972  0977  0982  0988  0993  0098  1004 

8 

1009  1014  1020  1025  1030  1036  1041  1046  1052  1067 

4 

1062  1068  1073  1078  1084  1089  1094  1100  1105  1110 

6 

1116  1121  1126  1132  1137  1142  1148  116^  1158  1164 

6 

1169  1174  1180  1185  1190  1196  1201  1206  1212  1217 

7 

1222  1228  1233  1238  1243  1249  1264  1269  1265  1270 

8 

1275  1281  1286  1291  1297  1302  1307  1312  1318  1323 

9 

1328  1334  1339  1344  13^0  1365  1360  1365  1371  1376 

820 

91381  91387  91392  91397  91403  91408  91413  91418  91424  91429 

1 

1434  1440  1445  1450  1466  1461  1466  1471  1477  1482 

2 

1487  1492  1498  1503  1508  1614  1619  1624  1529  1535 

8 

1540  1545  1551  1556  1561  1566  1572  1677  1582  1587 

4 

1593  1598  1603  1609  1614  1619  1624  1630  1635  1640 

6 

1645  1651  1666  1661  1666  1672  1677  1682  1687  1693 

6 

1698  1703  1709  1714  1719  1724  1730  1735  1740  1746 

7 

1761  1756  1761  1766  1772  1777  1782  1787  1793  1798 

8 

1803  1808  1814  1819  1824  1829  1834  1840  1845  1850 

9 

1856  1861  1866  1871  1876  1882  1887  1892  1897  1903 

880 

91908  91913  91918  91924  91929  91934  91939  91944  91950  91955 

1 

1960  1965  1971  1976  1981  1986  1991  1997  2002  2007 

2 

2012  2018  2023  2028  2033  2038  2044  2049-2054  2059 

8 

2065  2070  2075  2080  2085  2091  2096  2101  2106  2111 

4 

2117  2122  2127  2132  2137  2143  2148  2163  2158  2163 

5 

2169  2174  2179  2184  2189  2195  2200  2205  2210  2215 

6 

2221  2220  2231  2236  2241  2247  2262  2267  2262  2267 

7 

2273  2278  2283  2288  2293  2298  2304  2309  2314  2319 

8 

2324  2330  2335  2340  2:^5  2350  2355  2361  2366  2371 

9 

2376  2381  2387  2392  2397  2402  2407  2412  2418  2423 

840 
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The  ordinary  methods  of  interpolation  for  seconds  of  arc 
are  not  accurate  for  sines,  tangents,  and  cotangents  when  angles 
are  between  0°  and  2°,  or  for  cosines  when  angles  are  between 
88°  and  90°.  When,  therefore,  great  accuracy  is  desired  the 
methods  given  below  may  be  used 

I.  Given:  Angle  A.     Required:    log  sin  A. 

log  sin  A  =log  A  (in  seconds)  +  (g  —  Z)  for  sin.* 
II.  Given:   log  sin  A.    Required:    Angle  A, 

log  A  (in  seconds)  =  log  sin  A  —  ^q—l)  for  sin.* 

lUustration  I: 

To  find  log  sin  0*»  36'  25". 
log  A  in  sec.  (2185")     =    3.339451 
(q  - 1)  for  0"  36'  (sin)*  =   4.685567 

log  sin  0**  36'  25"  =•   8.025018 


Illustration  II: 
log  sin  A  =  8.096340.     Find  A, 
log  sin  A  =8.096340 

(q-l)  for  sin*  =  4.685564 


log  A  (in  sec.)  =  3.410776 

A  (in  sec. )   =  2575"  or  A  =  0*  42'  55^ 

III.  Given:   Angle  A.    Required:    log  tan  A. 

log  tan  A  =  log  A  (in  seconds) +  (5—/)  for  tan.* 

IV.  Given:  log  tan  A.     Required:   Angle  A. 

log  A  (in  seconds)  =  log  tan  A  —  (q—l)  for  tan.* 


Illustration  III: 

To  find  log  tan  0**  36'  25". 
logAinsec.  (2185")     =3.339451 
(g-Z)  forO*'  36'  (tan)*=   4.685591 

log  tan  0°  36'  25"        =   8.025042 


Illustration  IV: 
log  tan  A  =   8.220000.     Find  A. 
log  tan  A  =   8.220000 

(g-Z)fortan*=   4.685615 


log  A  (in  sec.)  =   3.534385 

A  (in  sec. )       =  3423"  or  A  -  0°  67'  03" 


V.  Given:    Angle  A.    Required:   log  cot  A. 

log  cot  A  =  (q-\-r)  —  \og  A  {in  seconds). 
VI.  Given:   log  cot  A.     Required:    Angle  A. 

log  A  (in  seconds)  =  (^  +  0  —  log  cot  A. 


Illustration  V: 

To  find  log  cot  0°  56'  12". 
(q  +  l)  =15.314387 

log  A  in  sec.  (3372")     =   3.527888 

log  cot  A  =11.786499 


Illustration  VI: 
log  cot  A  =  12.000  000.     Find  A. 
(q  +  l)  =15.314  411 

log  cot  A  =12.000  000 

log  A  (in  sec.)  =   3.314411 

A  (in  sec.)  =2063"  or  A  =  0°  34' 23" 


Cosines. — When  the  cosine  of  an  angle  from  88°  to  90°  is 
given  or  required,  use  the  sine  of  90°  minus  the  angle,  proceed- 
ing as  above. 

*  For  all  angles  up  to  2°  the  first  four  figures  of  (q—t)  are  4.685  and 
the  first  five  figures  of  (q  +  l)  are  15.314.  The  last  three  figures  are  to 
be  found  in  the  column  headed  (q—l)  or  (q  +  l)  opposite  the  angle  most 
nearly  corresponding  to  A.  Note  that  the  iq—l)  column  is  double,  the 
left-hand  half  being  used  for  sines  and  the  ri^t-hand  half  for  tangents, 
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28.:J2 
28.22 
28.12 
28.00 
27.88 

27.78 
27.68 
27.58 
27.47 
27.38 
27.27 
27.17 
27.07 
26.07 
2fi.87 

26.78 
2(5.67 
2(>.58 
26.48 
26.38 
20.28 
26.20 
26.10 
26.02 
25.02 

25.83 
25.73 
25.63 
25.57 
25.47 
25.38 
25.28 
25.22 
25.12 
25.03 

24.95 
24.87 
24.78 
24.70 
24.62 
24.53 
24.45 
24.37 
24.30 


11.1^5356 
.i:).T>.15 
.15174() 
.1101^4:) 
.148 15-4 
.  146.'J72 
.  1 44507 
.142820 
.141008 

.iao:ii4 

. 137567 

11.135827 
.134004 
.1323<>8 
.1:K)640 
.128IW6 
.127230 
.125531 
.123838 
.122151 
.120471 

11.118708 
.117131 
.115470 
.113815 
.112167 
.110524 
.108888 
.107258 
.105634 
.104010 

11.1024(W 
.l(K)T5rr 
.(KW107 
.007002 
.0{MK)13 
.0{M4.'}0 
.002853 
.001281 
.080715 
.088154 

11.086509 
.085049 
.083505 
.081066 
.080432 
.078004 
.077381 
.075864 
.074351 
.072844 

11.071342 
.060845 
.068353 
.066866 
.(K)5384 
.063907 
.062435 
.060068 
.0505(.K> 

11.058048 


60 
50 

r>8 

57 

m 
r>4 

53 

52 

51 

I  50 

I  40 

'  48 

.  47 

46 

45 

44 

43 

.42 

41 

;  40 

i  30 
38 
37 
36 
85 
34 
33 
32 
31 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 
'  6 
5 

I  / 

1 
0 
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iz:  V^ 
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TABLE  XVIII— LOCiARITHMIC  SINES. 


ire- 


Sine. 


D.l". 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 

32  I 

33 

34 

35 

36 

37 

38 

39 

40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


8.718800 
.721204 
.723595 
.725972 
.728337 
.730688 
.733027 
.735354 
.737667 
.739969 
.742259 

8.744536 
.746802 
.749065 
.751297 
.753528 
.755747 
.757955 
.760151 
.762337 
.7«611 

8.766675 
.768828 
.770970 
.773101 
.775223 
.777333 
.779434 
.781524 
.783605 
.785675 

8.787736 

.789787 
.791828 
.793859 
.795881 
.797894 
.799897 
.Q01892 
.803876 
.805852 

8.807819 
.809777 
.811726 
.813667 
.815509 
.817522 
.819436 
.821343 
.823:i40 
.825130 

8.827011 
.8288W 
.a30r49 
.832607 
.831456 
.836297 
.8»n30 
.830956 
.841774 

8.843585 


'   I  Cosiiio. 


40.07 
89.86 
89.62 
89.42 
89.18 
88.98 
88.78 
38.55 
88.37 
38.17 
37.95 

37.77 
37.55 
37.37 
37.18 
36.96 
36.80 
36.60 
36.43 
36.23 
36.07 

35.88 
35.70 
35.52 
85.37 
35.17 
35.02 
34.83 
34.68 
34.50 
34.35 

34.18 
34.02 
83.85 
33.70 
33.56 
33.3d 
33.25 
33.07 
32.93 
32.78 

82.63 

82.48  i 

82.35 

32.20  ! 

32.05 

31.90 

31.78 

31  02 

31.50 

31.35 

31.22 
31.08 
30.97 

30.82  ; 

30.68 
30.55  I 
30.43 
30.30  I 
30.18 


Ck)6ine. 


.999898 
.999391 
.999384 
.999378 
.999371 
.999364 
.999357 
.999350 
.999313 
.999336 

9.999329 
.999322 
.999315 
.999308 
.999301 
.999294 
.999287 
999279 
.999272 
.999265 

9.999257 
.999250 
.999242 
.999235 
.999227 
.999220 
.999212 
.999205 
.999197 
.999189 

9  999181 
.999174 
.999166 
.999158 
.999150 
.999142 
.999134 
.999126 
.999118 
.999110 

9.999102 
.999094 

.999077 
.999069 
.999001 
.999053 
.999044 
.999030 
.999027 

9  999019 
.999010 
.999002 
.998996 
.998984 
.998976 
.998907 
.998958 
.998950 

9.998941 


D.  r. 


.10 
.12 
.12 
.10 
.12 
.12 
.12 
.12 
.12 
.12 
.12 

.12 
.12 
.12 
.12 
.12 
.12 
.18 
.12 
.12 
.13 

.12 
.18 
.12 
.18 
.12 
.13 
.12 
.13 
.13 
.13 

.12 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 

.13 
.13 
.15 
.13 

.'l5 
.13 
.15 
.13 

.15 
.13 
.15 
.15 
.13 
.15 
.15 
.13 
.15 


Tang. 


8.719396 
.721806 
.724204 
.7^6588 
.728959 
.731317 
.733663 
.735996 
.738317 
.740626 
.742922 

8.745207 
.747479 
.749740 
.751989 
.754227 
.756453 
.758668 
.760872 
.763065 
.765246 

8.767417 
.769578 
.771727 
.773866 
.775095 
.778114 
780222 
.782320 
.784408 
.786486 

8.788554 
790613 
792662 
.794701 
.796731 
.798752 
.800763 
.802765 
.804758 
.806742 

8.808n7 
.810683 

812641 
.814589 
.816529 
.81^61 
.820384 

822298 
.824205 
.826103 

8.827992 
.829874 
.831748 
.a33613 
.835471 
.837321 
.839163 
.840998 
.842825 

8.844644 


D.r. 


40.17 
39.97 
39.r3 
39.52 
39.30 
89.10 
88.88 
88.68 
88.48 
88.27 
88.06 

37.87 
37.68 
37.48 
37.30 
37.10 
36.92 
36.73 
86.55 
36.35 
36.18 

36.02 
35.82 
35.65 
35.48 
35.32 
35.13 
34.97 
34.80 
34.63 
34.47 

84.32 
34.15 
33.96 
83.83 
83.68 
83.52 
83.37 
83.22 
83.07 
82.92 

82.77 
82.63 
82.47 
82.33 
32.20 
32.05 
31.90 
31.78 
31.63 
31.48 

31.37 
31.23 
31.06 
30.97 
30.83 
30.70 
30.58 
30.45 
30.32 


Cotang. 


11.280604 

60 

.278194 

59 

.275796 

5» 

.278412  57 

.271041 

66 

.268683 

55 

.266387 

64 

.264004 

68 

.261683 

52 

.259374 

61 

.257078 

60 

11.254793 

49 

.252521 

46 

.250260 

47 

.248011 

46 

.245773 

46 

.248647 

44 

.241832 

43 

.239126 

42 

.286035 

41 

.284754 

40 

11.232583 

39 

.280422 

38 

.228273 

87 

.226134 

86 

.224006 

35 

.221886 

34 

.219778 

88 

.217680 

83 

.215692 

81 

.218514 

80 

11.211446 

29 

.209887 

28 

.207388 

27 

.206299 

26 

.208269 

95 

.201248 

24 

.199237 

23 

.197236 

22 

.196^42 

21 

.198258 

20 

11.191283 

19 

.189817 

18 

.187369 

17 

.186411 

16 

.188471 

15 

.181680 

14 

.179616 

13 

.177702 

12 

.175796 

11 

.178807 

10 

11.172008 

9 

.170126 

8 

.168258 

7 

.166S«7 

6 

.164520 

5 

.162679 

4 

.160637 

8 

.169002 

2 

.157175 

1 

11.166866 

0 

D  1'.  II     Sine.     I  D.l'.  I.  Cotang.  \  D.l'.  I     Tani^.     |  ' 
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COSINES,  TANGENTS,  AND  COTANGENTS.       IW 


Sine. 


0 
1 
S 
8 

4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


8.848686 
.845887 
.847183 
.848971 
.850751 
.852525 
.854291 
.856049 
.857801 
.859546 
.861283 

8.863014 
.864788 
.866455 
.868165 
.869868 
.871565 
.873255 
.874938 
.876615 
.878285 

8.879949 
.881607 
.883258 
.884903 
.886512 
.888174 
.889801 
.891421 
.893035 
.894643 

8.896246 
.897842 
.899432 
.901017 
.902596 
.90,169 
.905736 
.907297 
.906853 
.910404 

8.911949 
.913488 
.915022 
.916550 
.918073 
.919591 
.921103 
.922610 
.924112 
.925609 

8.927100 
.928587 
.930068 
.931544 
.933015 
.934481 
.935942 
.9373'J8 
.938850 

8.940296 


Cosine. 


D.  1'. 


30.08 
29.93 
29.80 
29.67 
29.57 
29.43 
29.30 
29.20 
29.08 
28.95 
28.85 

28.73 
28.62 
28.50 
28.38 
28.28 
28.17 
28.05 
27.95 
27.83 
27.73 

27.63 
27.52 
27.42 
27.32 
27.20 
27.12 
27.00 
26.00 
26.80 
26.72 

26.60 
26.50 
26.42 
26.32 
26.22 
26.12 
26.02 
25.93 
25.85 
25.75 

25.65 
25.57 
25.47 
25.38 
25.30 
25.20 
25.12 
25.03 
24.95 
24.85 

24.78 
24.68 
24.60 
24.52 
24.43 
24.35 
24.27 
24.20 
24.10 


Cosine. 


D.  r. 


9.998941 
.998932 
.998923 
.998914 

.998896 
.998887 
.998878 
.998869 
.998860 
.998861 

9.998841 
.998832 
.998823 
.998813 
.998804 
.998795 
.998785 
.998776 
.998766 
.998757 

9.998747 
.998738 
.998728 
.998718 
.998708 
.998699 
.998689 
.998679 
.998669 
.998659 

9.998649 
.998639 

.998619 
.998609 
.998599 
.998589 
.998578 
.998568 
.998558 

9.998548 
.998537 
.998527 
.998516 
.998506 
.998495 
.998485 
.998474 
.998464 
.998453 

9.998442 
.998431 
.998421 
.996410 
.996399 
.998388 
.998377 
.998366 
.998355 


Sine. 


D.  r. 


.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.17 

.15 
.15 
.17 
.15 
.15 
.17 
.15 
.17 
.15 
.17 

.15 
.17 
.17 
.17 
.15 
.17 
.17 
.17 
.17 
.17 

.17 
.17 
.17 
.17 
.17 
.17 
.18 
.17 
.17 
.17 

.18 
.17 
.18 
.17 
.18 
.17 
.18 
.17 
.18 
.18 

.18' 

.17 

.18 

.18 

.18 

.18 

.18 

.18 

.18 


D.  r. 


Tang. 


D.  r. 


Cotang. 


8.844644 
.846455 
.848260 
.850057 
.851846 
.853628 
.855403 
.857171 
.858932 
.860686 
.862433 

8.864173 
.865906 
.867632 
.869351 
-871064 
.872770 
.874469 
.876162 
.877849 
.879529 

8.881202 
.882869 
.884530 
.886186 
.887833 
.889476 
.891112 
.892742 
.894366 
.895984 

8.897596 
.899203 
.900803 
.902398 
.903987 
.905570 
.907147 
.908719 
.910285 
.911846 

8.913401 
.914951 
.916495 
.918034 
.919568 
.921096 
.922619 
.924136 
.925649 
.927156 

8.928658 
.930155 
.931647 
.933134 
.934616 
.936093 
.937565 
.939032 
Q404Q4 

8.941952 


30.18 
30.08 
29.95 
29.82 
29.70 
29.58 
29.47 
29.35 
29.23 
29.12 
29.00 

28.88 
28.77 
28.65 
28.55 
28.43 
28.32 
28.22 
28.12 
28.00 
27.88 

27.78 
27.68 
27.58 
27.47 
27.38 
27.27 
27.17 
27.07 
26.97 
26.87 

26.78 
26.67 
26.58 
26.48 
26.88 
26.28 
26.20 
26.10 
26.02 
25.92 

25.83 
25.73 
25.63 
25.57 
25.47 
25.38 
25.28 
25.22 
25.12 
25.03 

24.95 
24.87 
24.78 
24.70 
24.62 
24.53 
24.45 
24.37 
24.30 


.122151 
.120471 


94' 


Cotang.  I  D.  1'. 
723 


11.071342 
.069845 
.068353 
..066866 
.065384 
.063907 
.062435 
.060968 
.059506 

11.058048 

Tang. 


60 
59 
58 
57 
56 
55 


11.155356 
.15a'>45 
.151740 
.149943 
.148154 
.146372 

.144597  i  54 

.142829  53 

.141068  52 

.139314  51 

.137567  50 

11.135827  49 

.134094  48 

.132368  47 

.130649  46 

.128936  :  45 

.127230  44 

.125531  ,  43 

.123838  '  42 


41 
40 


11.118798  39 
.117131  38 
.115470  37 
.118815  36 
.112167  ;  35 
.110524  1  34 
.108888  33 
.107258  ,  32 
.105634  31 
.104016  30 

11.102404  29 
.100797  28 
.099197  27 
.097602  ,  26 
.096013  25 
.0944;^  24 
.092853  ,  23 
.091281  I  22 
.089715  21 
.088154  20 

11.086599  19 
.085049  ,  18 
.083505  I  17 
.081966  ,  16 
.080432  15 
.078904  14 
.077381  13 
.075864  12 
.074351  11 
.072844  10 


9 

8 
7 
6 
5 

/ 

3 
2 
1 
0 


S5< 


6- 

TABLE  XVIIL— LOGARITHMIC  SINES. 
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D.r. 

Sine.        D 

irjio 

otang. 

D.  1'.  1 
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COSINES,  TANGENTS,  AND  COTANGENTS.        17S» 


/ 

Sine. 

0 

9.019935 

1 

.090435 

9 

.091632 

8 

.QSS2»S5 

4 

.091016 

6 

.095903 

6 

.096386 

7 

.097567 

8 

.098744 

9 

.099918 

10 

.031089 

11 

9.032957 

IS 

.083491 

18 

.081582 

14 

.035741 

15 

.086896 

16 

.038048 

17 

.089197 

18 
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10 
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ao 

.049695 

91 

9.0^69 

» 

.014895 

88 

.046096 

84 

.047154 

85 

.048979 

86 
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87 

.050519 

88 

.061635 

89 

.059749 

80 

.063859 

81 

9.054966 

88 

.056071 

38 

.057179 

84 

.058971 

86 

.059367 

36 

.060460 

37 

.061551 

38 

.069689 

39 

.063794 

40 

.064806 

41 

9.065885 

42 

.066962 

43 

.068036 

44 

.069107 

45 

.070170 

46 

.071942 

47 

.072306 

48 

.073866 

49 

.074494 

50 

.075480 

51 

9.076533 

52 

.077583 

53 

.078631 

M 

.079676 

D.l*.    I  CoOne. 


55 
56 
57 
58 
59 
60 


080719 
081759 


.064864 
9.065894 


20.00 
9.95 
9.88 
9.85 
9.78 
9.79 
9.68 
9.69 
9.57 
9  59 
9.47 

9.40 
9.35 
9.32 
9.95 
9.90 
9.15 
9.06 
9.05 
9.00 
8.95 

8.88 
8.85 
8.80 
8.75 
8.68 
8.65 
8.60 
8.57 
8.50 
18.45 

8.49 
8.35 
8.32 
8.97 
8.ii2 
B.18 
8.13 
8.08 
8.03 
7.98 

7.a5 
7.90 
7.K5 
7.89 
7.77 
7.73 
7.07 
7.68 
7.60 
7.55 

7.50 
7.47 
7.49 
7.38 
7.33 
7.30 
7.95 
7.90 
7.17 


Cosiiie.     D.  1'. 


9.997614 
.997601 

.   .i»IT«i8n 

.997574 
.997561 
.997547 
.9975*4 
.997590 
.997507 
.997493 
.997480 

9.997466 
.997459 
.J«rr439 
.997495 
.997411 
.997397 
.997383 
.997369 
.997355 
.997341 

9.997327 
.997313 
.997299 
.997285 
.997271 
.99725r 
.997^42 
.997228 
.997214 
.997199 

9.99nft5 
.997170 
.997156 
.99n41 
.997127 
.997119 
.997098 
.99708:^ 
.997068 
.997053 

9.997039 
.997024 
.997000 
.996994 
.996979 
.996964 
.996949 
.996934 
.996919 
.996904 

9.996889 
.996874 
.996858 
.996843 
.996828 
.996812 
.996797 
.996782 
.996766 

9.996751 


Sine. 


D.r.  II    Tang. 


D.I".' 


.99 

.93 
.22 
.93 
.29 
.93 
.Hi 
.93 

.93 

.93 
.29 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
,93 

.93 
.93 
.93 
.93 
.93 
.95 
.93 
.93 
.95 
.93 

.95 
.93 
.95 
.93 
.95 
.93 
.95 
.95 
.95 
.93 

.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
,95 
.95 

.95 
.97 
.26 
.97 
.97 
.95 
.95 
.97 
.95 


D.r 


9.091690 
.099831 
.091044 
.095951 
.096155 
.097665 
.098859 
.030046 
.031937 
.039495 
.033609 

9.034791 
.035969 
.037144 
.038316 
.039485 
.040651 
.041813 
.049973 
.044180 
.015984 

9.040481 
.0475&J 
.048727 
.049869 
.051006 
.069144 
.053977 
.054407 
.055535 
.056669 

9.057781 
.058900 
.060016 
.061130 
.069940 
.063*48 
.06445;^ 
.065556 
.066655 
.067769 

9.068^) 
.069038 
.071097 
.072113 
.073197 
.074978 
.075356 
.076439 
.077505 
.078576 

9.079644 
.080710 
.081773 
.089833 
.083891 
.084947 
.066000 
.087050 
.088098 

9.069144 


80.98 

90.17 

90.19 

90.07 

90.00 

9.95 

9.90 

9.85 

9.80 

9.73 

9.70 

9.63 
9.58 
9.53 
9.48 
9.43 
9.37 
9.33 
9.98 
9.93 
9.17 

9.13 
9.06 
9.03 

8.96 
8.98 
8.88 
888 
8.80 
8.78 
8.70 

8.65 
8.60 
8.57 
8.60 
8.47 
8.49 
8.38 
8.39 
8.98 
8.95 

8.90 
8.16 
8.10 
8.07 
8.09 
7.97 
7.98 
7.88 
7.86 
7.80 

7.77 
7.79 
7.67 
7.68 
7.60 
7.55 
7.50 
7.47 
7.48 


9^ 


Cotang.  1  D.  r. 
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^^Wf- 


Ck)UDg. 

# 

10.978880 

60 

.977106 

59 

.975956 

68 

.974749 

57 

.973545 

56 

.979*45 

55 

.971148 

M 

.969954 

53 

.968763 

59 

.967575 

51 

.966391 

60 

10.965909 

49 

.904031 

48 

.969856 

47 

.961684 

46 

.960515 

45 

.059849 

44 

.058187 

48 

.057097 

49 

.055870 

41 

.054716 

40 

10.063666 

80 

.069418 

88 

.061973 

87 

.050131 

88 

.048999 

86 

.047866 

34 

.046723 

33 

.045593 

39 

.044465 

31 

.943841 

80 

10.94L)dl9 

99 

.9411(H) 

98 

.939i>K4 

97 

.988870 

96 

.937760 

95 

.936(k52 

94 

.935547 

93 

.9*4444 

99 

.93**15 

91 

.939948 

90 

10.931154 

19 

.930062 

18 

.928973 

17 

.927887 

16 

.996808 

15 

.995729 

14 

.994644 

13 

.9935(i8 

19 

.999495 

11 

.991494 

10 

10.920356 

9 

.919290 

8 

.918227 

7 

.917167 

6 

.916109 

6 

.915063 

4 

.914000 

8 

.919960 

8 

.911902 

1 

10.910860 

0 

0 

Tfmg. 

TABLE  XVIII.— LOGARITHMIC  SINES. 


I72* 


Sine. 


0 

9.085894 

1 

.086922 

2 

.067947 

8 

.088970 

4 

.089990 

5 

.091008 

6 

.O9205W 

7 

.093087 

8 

.094047 

9 

.095056 

10 

.096062 

11 

9.097065 

12 

.098066 

18 

.099065 

14 

.100062 

15 

.101066 

16 

.102048 

17 

.103037 

18 

.104025 

19 

.106010 

20 

.105992 

21 

9.106978 

22 

.107951 

23 

.108927 

24 

.109901 

25 

.110873 

26 

.111842 

27 

.112809 

28 

.118774 

29 

.114787 

30 

.115698 

31 

9.116656 

32 

.117613 

38 

.118567 

34 

.119519 

35 

.120469 

36 

.121417 

87 

.122362 

38 

.123306 

39 

.124248 

40 

.125187 

41 

9.126126 

42 

.127060 

43 

.127998 

44 

.128925 

45 

.129854 

46 

.130781 

47 

.131706 

48 

.132680 

49 

.133561 

60 

.134470 

51 

9.135387 

52 

.136303 

53 

.137216 

54 

.138128 

55 

.139037 

56 

.139944 

57 

.140850 

58 

.141754 

59 

.142655 

60 

9.143566 

'  J 

Cosine. 

D.  r. 


17.18 
17.08 
17.05 
17.00 
16.97 
16.93 
16.88 
16.83 
16.82 
16.77 
16.72 

16.68 
16.65 
16.62 
16.57 
16.63 
16.48 
16.47 
16.42 
16.87 
16.85 

16.80 
16.27 
16.23 
16.20 
16.16 
16.12 
16.08 
16.05 
16.02 
15.97 

15.95 
15.90 
15.87 
15.83 
15.80 
15.75 
15.78 
15.70 
15.65 
15.68 

15.58 
16.56 
16.58 
16.48 
16.45 
15.42 
15.40 
15.36 
16.32 
16.28 

15.27 
15.22 
15.20 
16.16 
16.12 
15.10 
16.07 
15.02 
15.00 


D.  r 


Cosine. 


D.  1'. 


9.996751 
.996735 
.996720 
.996704 
.996688 
.996673 
.996667 
.996641 
.996626 
.996610 
.996694 

9.996678 
.996562 
.996646 
.996630 
.996614 
.996498 
.996482 
.996466 
.996449 
.996433 

9.996417 
.996400 
.996384 
.996368 
.996861 
.996336 
.996318 
.996802 
.996286 
.996269 

9.996252 
.996286 
.996219 
.996202 
.996186 
.996168 
.996161 
.996134 
.996117 
.996100 

9.996088 
.996066 
.996049 
.996082 
.996015 
.995998 
.995980 
.996963 
.995946 
.995928 

3.995911 
.995894 
.995876 
.995859 
.995841 
.996828 
.995806 
.995788 
.995771 

9.995753 

Sine. 


.27 
.26 
.27 
.27 
.25 
.27 
.27 
.27 
.25 
.27 
.27 

.27 
.27 
.27 
.27 
.27 
.27 
.28 
.27 
.27 
.27 

.28 
.27 

.27 
.28 
.27 
.28 
.27 
.28 
.27 
.28 

.28 
.27 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 

.28 
.28 
.28 
.28 
.28 
.30 
.28 
.28 
.30 
.28 

.28 
.30 
.28 
.30 
.30 
.28 
.30 
.28 
.80 

D.  r. 


Tang. 


9.089144 
.090187 
.091228 
.092266 
.093302 
.094336 
.096367 
.096395 
.097422 
.098446 
.099468 

9.100487 
.101604 
.102519 
.108532 
.104642 
.105550 
.106566 
.107559 
.108560 
.109569 

9.110556 
.111561 
.112543 
.113633 
.114521 
.115607 
.116491 
.117472 
.118462 
.119429 

9.120401 
.121377 
.122348 
.123317 
.124284 
.125249 
.126211 
.127172 
.128130 
.129087 

9.130041 
.130994 
.131944 
.132898 
.133839 
.134784 
.135726 
.136667 
.137606 
.138542 

9.139476 
.140409 
.141340 
.142269 
.143196 
.144121 
.145044 
.145966 
.146885 

9.147803 

Cotang. 


D.  1'. 


7.88 
7.35 
7.80 
7.27 
7.28 


18 
18 
12 
07 
08 
96 


6.95 
6.92 
6.88 
6.83 
6.80 
6.77 
6.72 
6.68 
6.65 
6.62 

6.58 
6.53 
6.50 
6.47 
6.43 
6.40 
6.85 
6.88 
6.28 
6.25 

6.22 
6.18 
6.16 
6.12 
6.08 
6.03 
6.02 
6.97 
6.96 
6.90 

6.88 
6.88 
6.82 
5.77 
5.75 
5.70 
5.68 
6.68 
6.62 
6.57 

6.55 
5.52 
6.48 
6.45 
5.42 
5.38 
5.37 
6.32 
5.30 


D.r. 


Cotang. 


10.910666 

.9U9ol3 
.908772 
.907734 
.  .906698 
.905664 
.904688 
.908605 
.902678 
.901564 
.900582 

10.899618 
.896496 
.897481 
.896468 
.896468 
.894460 
.898444 
.892441 
.891440 
.890441 

10.869444 
.886449 
.887467 
.866467 
.886479 
.864493 
.688609 
.862526 
.661648 
.680571 

10.679596 
.878623 
.877652 
.676683 
.875716 
.674751 
.873789 
.672828 
.871870 
.670913 

10.669959 
.869006 
.866066 
.867107 
.866161 
.866216 
.664274 
.663883 
.662305 
.861458 

10.860624 
.869591 
.668660 
.867731 
.666604 
.855879 
.654956 
.864084 
.658116 

10.652197 

Tang. 


60 
59 
66 
67 
56 
56 
54 
68 
52 
51 
50 

49 
46 
47 
46 
45 
44 
43 
42 
41 
40 

39 
36 
87 
86 
86 
84 
88 
32 
81 
30 

29 
26 
27 
26 
25 
24 
28 
22 
21 
20 

19 
18 
17 
16 
16 
14 
18 
12 
11 
10 

9 
6 
T 
6 
5 
4 
8 
2 
1 
0 
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v 

C081NES, 

TANGENTS,  AND  COTANGENTS. 

171- 

' 

Sine. 

D.  r. 

Codue. 

D,!'. 

T^. 

B.r. 

Cotang. 

— 

0 

9.143556 

S.eM7B3 

0  147808 

B.BS 
B.33 
S.SO 

II 

10,853197 

1 

1 

.9B»7a5 

:ao 

.30 
.30 

iso 
iso 

:i4ffil8 

.raiaaa 

1 

J43349 

.Bft-iTlT 

.149SS!i 

.B5(I3IW 
.H40496 

:BJ7flS7 

S7 

1 

!]48»15 

:i53aiB 

5 

.I4»8C« 

14.72 

.154174 

53 

.HHSSIU 
.f>l).^5l)I 

4:98 

:84493H 

.BHoaa 

IC 

;i668J7 

.843103 

60 

Sl« 

.30 

0.157775 

4,B3 

4!aa 

4.851 

11 

lo.siaaa 

40 

.158871 

.Misa) 

It 

1 

M 

:ilSW67 

i  095501 

.lasau 

14:43 
14^35 

.sostfa 

1 
1 

.1BI317 

,838853 

.IffiSfflO 

17 

iissiwg 

43 

18 

.15MS5 

IwftKT 

4a 

.iBOScn 

.006400 

;i6«Ba 

.835106 

aa 

.165A4 

.e&tm 

40 

SI 

B.iasoss 

14.38 

II 

99««t« 

.3* 

■s 

.8S 

9,JliaB54 

4,68 
4.63 
4.S8 

4:53 
4.50 
4.47 
4.45 

10,R333ia 

SB 

.9053S3 

.lB753a 

,893168 

sa 

.UO^ 

IM 

JeMOD 

;Baori6 

30 

in 

.IflMM 

ifflttaK- 

:i™ifl7 

.iwm 

SB 

ujs 

.BuaiM 

.inoso 

.saam 

.03 

.171809 

n 

"l^ 

:9a5;;a 

.172767 
.173IS34 

SI 

SD 

31 

B.lTtBlT 

14.03 

:3s 

9.1^383 

4.37 
4, S3 

4,'S8 

]4,iS 

MJ3 

10,8!MO.^  1  » 

SS 

.1711J89 

:b9»i«6 

.ITIHM 

,828776  1  38 

11 
II 

.IJ70S4 

1 

.iT4rM 

iwiSOTO 

!i?anr9 

:=|S 

88 

89 

iiTTau 

'.WaO^ 

1 

.33 

lisffiiii 

Isig 

40 

.WBOia 

.183059 

.810941     SO 

9.178900 

1 :75 
1  ;to 
1  :m 

11 

.39 

:83 

i 

g.  183907 

il 

lo.siRons 

42 

.17B728 

.BWI174 

.1B47B3 

4a 

,180581 

.B9405B 

.IBSSBT 

Iri4403 

4S 

ll8£ISe 

48 

.iBaoie 

.188884 

•is 

if 

13,87 

11 

48 

4S 

^IMlk-U 

60 

'.Dtrno 

ieMSis 

'M 

.1014B3 

:80853a 

S8 

0.1H7093 

1 :4a 
1 .45 
]  .43 

]   .43 

13.  SS 

!:i 

13.30 

ioiwfrB 

.m 

*;i(ms4 

18.83 
13,89 
18.  ra 

isirs 

II 

10,807706 
.S0087S 

1 

^ 

:994rao 

.094720 

'994060 
.OMOOO 
.»«M0 
0.9940^ 

1 

;  Km 

.19888* 

:  805230 
.SOlfl'.M 
.flOBSTX) 

:8M926 

~ 

• 

Oosine. 

D.V. 

bine. 

D.V.  |l  Cotang. 

D.1-. 

Ta«s. 

TABLE  XVIII.— LOGARITHMIC  SINES. 


COaiNES,  TANGENTS,   AND  COTANGENTS. 


.saeosi 


9.  [103104 


.KBT36 


■  BlffiSSS 
.IBIS501 


s.Bseies 
Ibusoib 

B!ft!lltM7 


19.30 

k^ 

11 

aaran 

laii) 

ia.06 

1*03 

is.oo 

SGH39 

a(i«B3 

n-ss 

aa^ 

1  .00 

1  .» 

1  .83 

M 

SM»I7 

^^ 

!l:i? 

11. 03 

ii.a 

ill 

382513 

11.38 
11.37 

3KiS«8 

Ilffi 

11.38 

am'sj 

lO.rsBesi  ■  -60 


.74  WTO  I 

.748saa 

,747608 


.;a»8M 

.739137 
10.738«S 


.735Brj 
,7!«8BS 

.Taiiaa 


w 

TABLE  XVIII. -LOGARITHMIC  SINES. 

laf 

- 

Bine. 
a.ssonm 

D.  r. 

Cosine.      D.  1". 

rang. 

D.  1-.       O 

Ung. 

' 

lo.ra 

10!78 
10.77 
10,77 
10.73 

lO^TO 

9  991947                    9 

988tWii 

iiiis 

T11S18 

~w 

.38IM8 

!9919:H         -^ 
.991897        ;J5 

Si  1 

-M1K4         -^ 
.991699         ^ 

3MI33li 

59 

»«999 

TlOOOl 

58 

SI 

700389      ST 

!issi9a 

39iai3 

aoiiois 

TOTos!    as 

!!M480 

2ssm 

ii:i3 

TOraiB    54 

BBSafio 

708850     53 

!3857ea 

394017 

.386408 

SW8S4 

ill 

706.118     51 

305349 

704651      50 

e.  387088 

10.6.1 

lolso 

10.57 

:901649         ;*^ 

1107     '° 

.3883% 

39e6;T 

iiios 

708323  1  48 

:m1^    -1 

.991649         ;« 
.901418         ;^ 

a97J39 

703661     4T 

iiioo 
10:93 

10.93 

:890330 

701338     is 

.sflosro 

700678     44 

E00980 

w!a3 

10.5J 

699SaS     43 

1 

'.nxmm 

898705  '  41 

EO 

,398399 

801951 

698U9  .  40 

9.394099 

W.iO 

1035 
10.35 

:99187S         ;^ 

10;  68 

^7393  !  ■% 

.3»1S5S 

303361 

696739 

38 

as 

.3(»S86 

803914 

896088 

OT 

34 

!29l]fi39 

IU:83 

695433 

36 
35 

ss 

E0eR69 

loiss 

34 

27 

;897788 

:091S70         "iS 

30(1519 

693*81 

£8 

.39M13 

.9911144         ■« 

ioIts 

10.77 

693832 

32 

2B 

.899034 

31 

SO 

.S9B655 

308163 

691537 

30 

B.socera 

10,3a 
loiso 

loisa 
10. as 

]o!i8 

8.991167          ^        9 

10  T5     '" 

690891 

39 

33 

.300895 
.S01514 

310399 

S 

SI 

.303133 

:991090         ;^ 

,088968 

36 

» 

.303748 

,990900         ■« 

6S8315 

35 

36 

10:68 

loius 

24 

m 

:30397B 

318908 

887032 

33 

38 

.304593 

siBooe 

686393 

40 

1305819 

.090934          -^ 

314883 

6B5I15 

SO 

9.30ft430 

10,18 

9.09090B        ^        9 

loioo 

I0.S8 

684477 

IS 

4S 

II 

S  -^ 

316796 

383^05 

17 

44 

Isoa^fl 

317430 

689570 

.308867 

38193S 

.SUB474 

119897 

14 

47 

10:53 

580670 

48 

:3I0fla5 

;:';|!I.'tJ       ■■'^ 

!l99ei 

.;iii-i- 

io:m 

878778 

10 

61 

B.:ii-;i;' 

■'  ■     ■             ^45        ^ 

■iii  :S 

anssi 

51 

0,4a 

0,40 

57814^ 

7 

s 

aiSs; 

fi 

s 

JTOiM? 
I75WS 

:  315195 

s  1 

9,990104         ■**    1   9 

3ai98a 

4 

335607 

S743S8 

3 

i 

!3iDti8g 
.mm 

Bios 

s 

mm 

1 

~ 

nasao 

0 

CoBine. 

D.1-. 

Sine.      D.V.  i   C 

^t^ 

D.I'. 

^.  ■  1 

12' 


COSINES,  TANGENTS,   AND  COTANGENTS.        16T* 


Sine.* 


0 

9.817879 

1 

.318473 

2 

.319066 

8 

.319658 

4 

.320249 

6 

.320640 

6 

.321430 

7 

.322019 

8 

.322607 

9 

.828194 

10 

.823780 

11 

9.324366 

12 

.324950 

18 

.325534 

14 

.826117 

16 

.326700 

16 

.327281 

17 

.327862 

18 

.328442 

19 

.329021 

20 

.329599 

21 

9.330176 

22 

.380758 

28 

.831329 

24 

.831903 

25 

.882478 

26 

.333051 

27 

.833624 

28 

.334195 

29 

.884767 

30 

.335337 

81 

9.335906 

82 

.836475 

33 

.337043 

84 

.337610 

86 

.338176 

36 

.338742 

37 

.339307 

38 

.339871 

39 

.840434 

40 

.340996 

41 

9.341558 

42 

.342119 

43 

.342679 

44 

.343239 

46 

.343797 

46 

.344355 

47 

.344912 

48 

.345469 

49 

.346024 

50 

.346579 

51 

9.347184 

52 

.347687 

53 

.348240 

54 

.348792 

55 

.349343 

56 

.349893 

57 

.850443 

58 

.850992 

59 

.851540 

60 

9.362068 

Gosine. 


D.r. 


9.90 
9.88 
9.87 
9.85 
9.85 
9.83 
9.82 
9.80 
9.78 
9.77 
9.77 

9.78 
9.78 
9.72 
9.72 
9.68 
9.68 
9.67 
9.65 
9.68 
9.62 

9.62 
9.60 
9.57 
9.58 
9.55 
9.55 
9.52 
9.53 
9.50 
9.48 

9.48 
9.47 
9.45 
9.43 
9.43 
9.42 
9.40 
9.38 
9.37 
9.37 

9.35 
9.33 
9.33 
9.30 
9.30 
9.28 
9.26 
9.25 
9.25 
9.25 

9.22 
9.22 
9.20 
9.18 
9.17 
9.17 
9.16 
9.13 
9.18 


D.r. 


C!osine. 


D.r. 


9.990404 
.990378 
.990351 
.990324 
.990297 
.990270 
.990243 
.990215 
.990188 
.990161 
.990134 

9.990107 
.990079 
.990052 
.990025 
.989997 
.989970 
.989942 
.989915 
.989887 
.9o9ou0 

9.969882 
.989804 
.989777 
.969749 
.989721 
.989693 
.989665 
.989637 
.989610 
.989582 

9.969553 
.989525 
.969497 
.989469 
.989441 
.989413 
.989385 
.989356 
.989328 
.969300 

9.989271 
.963243 
.989214 
.989186 
.989157 
.989128 
.989100 
.989071 
.989042 
.989014 

9.988986 
.988956 
.988927 
.988898 
.988869 
.968840 
.968811 
.988782 
.968763 

9.988724 


Sine, 


.43 
.45 
.45 
.45 
.45 
.45 
.47 
.45 
.45 
.46 
.45 

.47 
.46 
.46 
.47 
.46 
.47 
.45 
.47 
.46 
.47 

.47 
.45 
.47 
.47 
.47 
.47 
.47 
.45 
.47 
.48 

.47 

.47 
.47 

.47 
.47 
.47 
.48 
.47 
.47 
.48 

.47 
.48 
.47 
.48 
.48 
.47 
.48 
.48 
.47 
.48 

.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 


Tang. 


9.327475 
.328095 
.328715 
.329334 
.329953 
.830570 
.331187 
.331803 
.332418 
.333033 
.333616 

9.334259 
.334871 
.335482 
.336093 
.336702 
.337311 
.337919 
.338527 
.339133 
.339739 

9.340344 
.340948 
.341552 
.342155 
.342757 
.343358 
.343958 
.344558 
.345157 
.845755 

9.346353 
.346949 
.347545 
.348141 
.348735 
.349329 
.349922 
.350514 
.351106 
.351697 

9.352287 
.352876 
.353465 
.354053 
.354640 
.355227 
.355813 
.356398 
.356982 
.357566 

9.358149 
.358731 
.359313 
.359893 
.360474 
.361053 
.361632 
.362210 
.362787 

9.363364 


D.  r.  II  Cotang. 


D.r. 


10.33 
10.33 
10.82 
10.3S! 
10.28 
10.88 
10.27 
10.25 
10.25 
10.22 
10.22 

10.20 
10.18 
10.18 
10.15 
10.15 
10.13 
10.13 
10.10 
10.10 
10.08 

10.07 

10.07 

10.05 

10.03 

10.02 

10.00 

10.00 

9.98 

9.97 

9.97 

9.93 
9.93 
9.93 
9.90 
9.90 
9.88 
9.87 
9.87 
9.85 
9.83 

9.82 
9.82 
9.80 
9.78 
9.78 
9.77 
9.75 
9.73 
9.73 
9.72 

9.70 
9.70 
9.67 
9.68 
9.65 
9.65 
9.63 
9.62 
9.62 


Cotang. 


10.672525 
.671905 
.671285 
.670666 
.670047 
.669430 
.668813 
.668197 
.667582 
.666967 
.666354 


60 
59 
58 
57 
56 
55 
54 
58 
52 
51 
50 


10.665741  49 

.665129  48 

.664518  47 

.663907  46 

.663298  45 

.662689  44 

.662081  43 

.661473  42 

.660667  41 
.660261  I  40 

10.659656  39 
.659052  I  38 
.658448  !  37 
.657845  1  36 
.657243  35 
.&56642  I  34 
.656042  I  33 
.665442  32 
.654843  31 
.654245  30 


10.653647 
.653051 
.652455 
.651859 
.651265 
.650671 
.650078 
.649486 
.648894 
.648303 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


10.647713  19 
.647124  !  18 

.646535  17 

.645947  16 

.645360  15 

.644773  14 

.644187  13 

.643602  12 

.643018  11 

.6424ii4  10 


10.641851 
.641269 
.640687 
.640107 
.639526 
.638947 
.638368 
.637790 
.637213 

10.636636 


D.  1'.  1    Tang. 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


1Z\. 
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»■       C0SINE3.  TANGENTS.  AND  COTANGENTS.         IW 


IB*  TABLE  XVIII.— IXXiARITHmC  SINES.  IB** 


; 


'.ill: 


!€•        COSINES,  TANGENTS,  AND  COTANGENTS.        IBS* 


■•«■ 


0 

1 

9 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
1« 
17 
18 
19 
SO 

21 
22 
28 
24 
26 
26 
27 
28 
29 
80 

81 
82 
88 
S4 
85 
2j6 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

61 
62 
63 
64 
65 
66 
57 
58 
59 
60 


Sine. 


9.440638 
.440778 
.441218 
.441668 
.442096 
.442535 
.442973 
.443410 
.443W7 
.444284 
.444720 

9.445155 
.446690 
.446025 
.446459 
.446893 
.447326 
.447759 
.448191 
.448623 
.449054 

9.449485 
.449916 
.450345 
.450775 
.451204 
.451632 
.452060 
.452488 
.462916 
.463342 

9.453768 
.454191 
.454619 
.455044 
.455469 
.456893 
.456316 
.456739 
.457162 
.457684 

9.458006 
.458427 
.458848 
.459268 
.469688 
.460108 
.460627 
.460946 
.461364 
.461782 

9.462199 
.462616 
.463032 
.463448 
.463864 
.464279 
.464694 
.465106 
.465522 

9.465935 

Ck>sme. 


D.r. 


7.38 
7.33 
7.33 
7.30 
7.32 
7.30 
28 
28 
28 
27 
25 


7.25 
7.25 
7.23 
7.23 
7.22 
7.22 
7.20 
7.20 
7.18 
7.18 

7.17 
7.17 
7.17 
7.15 
7.13 
7.13 
7.13 
7.12 
7.12 
7.10 

7.10 
7.08 
7.08 
7.08 
7.07 
7.05 
7.05 
7.05 
7.08 
7.03 

7.02 
7.02 
7.00 
7.00 
7.00 
6.98 
6.98 
6.97 
6.97 
6.95 

6.95 
6.93 
6.93 
6.93 
6.92 
6.92 
6.90 
6.90 
6.88 

D.r. 


Cosine. 


9.98S842 
.962805 
.962769 
.982783 
.982696 
.962660 
.962624 
.982587 
.982551 
.982514 
.982477 

9.982441 
.962404 
.962867 
.962331 
.962294 
.962257 
.962220 
.962188 
.982146 
.982109 

9.982072 
.982035 
.961998 
.981961 
.961924 
.981886 
.961849 
.961812 
.981774 
.981787 

9.961700 
.961662 
.981625 
.961567 
.981649 
.981512 
.981474 
.981436 
.961399 
.981361 

9.981328 

.961285 
.961247 
.981209 
.981171 
.981138 
.961095 
.981057 
.981019 
.980981 

9.980942 
.980904 
.980666 
.980827 
.980789 
.980750 
.980712 
.960678 
.960636 

9.980696 


Sine.        D.  1 


D.r. 


.62 
.60 
.60 
.62 
.60 
.60 
.62 
.60 
.62 
.62 
.60 

.62 
.62 
.60 
.62 
.62 
.62 
.62 
.62 
.62 
.62 

.62 
.62 
.62 
.62 
.63 
.62 
.62 
.63 
.62 
.62 

.63 
.62 
.63 
.63 
.62 
.63 
.63 
.62 
.63 
.63 

.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.65 

.63 
.63 
.65 
.63 
.65 
.63 
.65 
.63 
.65 


Tang. 


9.457496 
.457973 
.45&149 
.458925 
.459400 
.459875 
.460349 
.460623 
.461297 
.461770 
.462242 

9.462715 
.463186 
.463658 
.464128 
.464599 
.465069 
.465539 
.466006 
.466477 
.466945 

9.467413 
.467860 
.468347 
.468814 
.469260 
.469746 
.470211 
.470676 
.4ni41 
.471605 

9.472069 
.478532 
.472995 
.473457 
.473919 
.474381 
.474842 
.475303 
.475763 
.476223 

9.476688 
.477142 
.477601 
.478059 
.478517 
.478975 
.479432 
.479889 
.480345 
.480801 

9.461257 
.481712 
.482167 
.482621 
.483075 
.4aS.529 
.4a3982 
.484435 
.484887 

9.485339 

Cotang. 


D.r. 


7.95 
7.93 
7.93 
7.92 
7.92 
7.90 
7.90 
7.90 
7.88 
7.87 
7.88 


85 
87 
83 
85 
83 
7.83 
7.82 
7.82 
7.80 
7.80 

7.78 
7.78 
7.78 
7.77 
7.77 
7.75 
7.75 
7.75 
7.73 
7.73 


7.72 

7 


'^.72 


7. 
7. 

7. 
7. 
7. 

7. 


70 
70 
70 
68 
.68 
.67 
7.67 
7.67 

7.65 
7.65 
7.63 
7.63 
7.63 
7.62 
7.62 
7.60 
7.60 
7.60 

7.58 
7.58 
7.57 
7.57 
7.57 
7.55 
7.55 
7.53 
7.53 

D.  r. 


Cotang. 


10.642504 
.542027 
.541551 
.541076 
.540600 
.540125 


.538703 
.538230 


10.523317 

.522658 
.522399 
.521941 
.521483 
.521025 
.520568 
.520111 
.519655 
.519199 

10.518743 
.518288 
.517833 
.517379 
.516925 
.516471 
.516018 
.515565 
.515113 

10.514661 

Tang, 


60 
60 
68 
67 
56 
56 


!539651  I  54 
.539177  58 


52 
51 


.537758  ,  50 

10.537285  I  49 
.536814  I  48 
.536342.1  47 
.53587?  46 
.535401  46 
.634931  44 
.534461  48 
.533992  :  42 
.533523  I  41 
.533055  40 

10.632587  89 

.*B32120  88 

.581653  87 

.531186  36 

.630720  36 

.530254  34 

^29789  88 

.529324  82 

.528859  81 

.628395  30 


10.527931 
.527468 
.527005 
.526543 
.526061  :  26 
.525619  24 
.525158  i  28 
.524697 
.524237 
.523777 


29 
28 
27 
26 


22 

21 
20 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


108* 


735 


IV 


TABLE  XVni.— LOGARITHMIC  SINES. 


1«8* 


0 

1 

8 
8 
4 
6 
6 
7 
8 
9 
10 

11 
18 
18 
14 
15 
16 
17 
18 
10 
20 

21 
22 
28 
24 
25 
26 
27 
28 
29 
80 

31 
82 
88 
84 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

61 
52 
53 
54 
55 
56 
57 
58 
59 
60 


SiM. 


9.465936 
.466^8 
.466761 
.467173 
.467585 
.467996 
.466407 
.468817 
.469227 
.469637 
.470016 

9.470455 
.470663 
.471271 
.471679 
.472066 
.472492 
.472896 
.478304 
.478710 
.474115 

9.474519 
.474923 
.475827 
.475730 
.476133 
.476536 
.476938 
.477840 
.477741 
.478142 

9.47S542 
.47B942 
.479842 
.479741 
.480140 
.480539 
.480937 
.4813^ 
.481731 
.482128 

9.4B2525 

.482921 
.483316 
.488712 
.484107 
.484501- 
.484895 
.485289 
.4a5682 
.486075 

9.48ft467 
.486860 
.487251 
.487643 
.488034 
.488424 
.488814 
.489204 
.489593 

9.489982 


D.l'. 


6.88 
6.88 
6.87 
6.87 
6.85 
6.85 
6.83 
6.83 
6.83 
6.82 
6.82 

6.80 
6.80 
6.80 
6.78 
6.77 
6.77 
6.77 
6.77 
6.75 
6.78 

6.73 
6.73 
6.72 
6.72 
6.72 
6.70 
6.70 
6.68 
6.68 
6.67 

6.67 
6.67 
6.65 
6.65 
6.65 
6.63 
6.62 
6.62 
6.62 
6.62 

6.60 
6.58 
6.60 
6.58 
6.57 
6.57 
6.57 
6.55 
6.55 
6.53 

6.55 
6.52 
6.53 
6.52 
6.50 
6.50 
6.50 
0.48 
6.48 


CoBbud. 


9.960606 
.960558 
.960519 
.960480 
.960442 
.960403 
.9603&4 
.960825 
.960286 
.960247 
.960208 

9.960169 
.960130 
.960091 
.960052 
.960012 
.979973 
.979034 
.979695 
.979655 
.979616 

9.979776 
.979737 
.979697 
.979658 
.979618 
.979679 
.979639 
.979499 
.979459 
.979420 

9.979S80 
.979340 
.979300 
.979260 
.979220 
.979180 
.979140 
.979100 
.979059 
.979019 

9.978979 
.976939 
.978898 
.978858 
.978817 
.978777 
.978737 
.978696 
.978655 
.978615 

9.978574 
.9785;i3 
.9r84J)3 
.978452 
.978411 
.978:^70 
978329 
.978288 
.978:^7 

9.978206 


D.r. 


.63 
.65 
.65 
.63 
.65 
.65 
.65 
.65 
.65 
.65 
.65 

.65 
.65 
.65 
.67 
.65 
.65 
.65 
.67 
.65 
.67 

.65 
.67 
.65 
.67 
.65 
.67 
.67 
.67 
.65 
.67 

.67 
.67 
.67 
.67 
.67 
.67 
.67 
.68 
.67 
.67 

.67 
.68 
.67 
.68 
.67 
.67 
.68 
.68 
.67 
r68 

.68 
.67 
.68 
.68 
.68 
.68 
.68 
.68 
.68 


Tang. 


9.486880 
.485791 
.486242 
.486693 
.487143 
.487593 
.486043 
.488492 
.488941 
.489890 
.480638 

9.490266 
.490733 
.401180 
.491627 
.492073 
.402619 
.492965 
.493410 
.493854 
.404299 

9.404743 
.496186 
.495680 
.496073 
.496615 
.496957 
.497899 
.497841 
.496282 
.496722 

9.499163 
.499603 
.600042 
.500481 
.500920 
.601359 
.601797 
.502235 
.502672 
.603109 

9.608646 
.603062 

.604418 
.601854 
.605280 
.505724 
.506159 
.506593 
.507027 
.507460 

9.507893 
.508326 
.506759 
.509191 
.509622 
.510054 
.510485 
.510916 
.511846 

9.511776 


D.r 


Cotaag. 


7.53 
7.62 
7.52 
7.60 
7.60 
7.60 
7.48 
7.48 
7.48 
7.47 
7.47 

7.45 
7.45 
7.45 
7.43 
7.43 
7.43 
7.42 
7.40 
7.42 
7.40 

7.88 
7.40 
7.88 
7.87 
7.87 
7.87 
7.87 
7.86 
7.83 
7.85 

7.83 
7.82 
7.82 
7.82 
7.32 
7.80 
7.30 
7.28 
7.28 
7.28 

7.27 
7.27 
7.27 
7.25 
7.25 
7.25 
7.23 
7*23 
7.23 
7.22 

7.22 
7.22 
7.20 
7.18 
7.20 
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soma     ] 

96»1S3 

0313M       1 

S68615 

50 

!!95137       . 

92        0 

i  ' 

1  " 

1 

49 

(i95B*      1 

W3S79 

3671H7 

48 

18 

69BTS7      ^ 

163325 

63aiM      J 

J6rao8 

47 

SflBOil       ^ 

<a 

8327S0        E 

40 

esaoiis     \ 

^a\ 

IS 

BflBlM        ^ 

1 

163163 

44- 

IT 

!JWU03|     ] 

963108 

SSTM      \ 

368aK 

43 

«I30M 

'm 

365857 

42 

M3999 

SO 

0B77S3       3 

9629^ 

w 

631838       1 

365163 

40 

soaseo 

■i  " 

.90 

885185       5 

78       ^^ 

SMSIB 

m 

aa 

lOesea     ^ 

ooesae 

364188 

3S 

" 

963^11 

635879       1 

78 
17 

75 

36*181 

37 

m 

«l60Si       < 

Mijra7 

S»«aS6       \ 

9B3T7* 

38 

w 

36^28 

363081 

i 

963562 

637205        1 

982735 

sa 

amis 

i)63509 

388389 

32 

000109       ^ 

3R3U1 

361808 

a   s 

000900 

1  ° 

W^ 

1    • 

638&17       . 

S  '^ 

8B13S8 

29 

39 

«U1280       ; 

638893       1 

33 

1 

75 
73 

800668 

982173 

360318 

26 

35 

6oai5fl     i 

962123 

8400*7       \ 

350973 

S5 

36 

60448U    ; 

968087 

x 

359629     21 

i 

962012 

S593t4l  23  1 

358*10 

as 

%ieft! 

'■m 

611401      [ 

72 

358596 

40 

961846 

re 

:«  i» 

i 

357909 

42 

B81735 

W313I 

357568 

13 

Bowji    ; 

warn 

6«rr7     1 

3572S3 

605319       ; 

961624 

:iB 

3S8&3T 

IS 

9B1B13 

tU3S06        1 

356181 

17 

s  < 

961458 

644118      \ 

355802 

11 

:m 

3SS16S 

50 

60iU65        ' 

WlffiO 

615174      1 

a&utu 

M     9 

608751       ; 

7s     e 

081385 

:S  • 

845518       g 

68      "> 

88 

607030 

SS4143 

6o;aa3     ; 

WtlMO      1 

S 

U 

607893      ; 

ra 

1161011 

;o3 

.93 
1 

SB 

*^       10 

I 

S08177       ; 

35277? 

4 

3SS1S8 

3 

73 

73             g 

960343 

Bl?«)3      J 

s^em 

BO 

tmrx     •■ 

851 757 

60     3 

000318       * 

900730 

■S3        B 

61S83      ° 

351417 

0 

'^^Vh 

"77 1"" 

Bine. 

D.  r.  (."c 

otang.     D 

I'.  ~a 

-    '1 

COSINES,  TANGENTS,  AND  COTANGENTS.       IW 


D.  V.      Cosine,     D.  1' 


.958271 

.9ri«ii>i 
.9sso9e 

.050038 
.BSTB79 
.BTTttll 

9J1B7S01 

!b57087 
.0571^ 
.B670T0 

'957468 


M*  TABLE  XVIII.— LOGARITHMIC  f 


gfl*         COSINES,  TANGENTS,  AND  COTANGENTS.       ijj. 


»7» 

TABLE  X\'in— LOCARTTHMiC  SIXE3. 

ISS- 

± 

8.-.. 

D.  1-.   1 

Cosdne.  1  E 

—  L 

rang,      D 

••■ 

Cotuig. 

0     » 

mtoit" 

TiT 

O.MBHtl 

.07 

rorifla" 

CO 

ao 
so 

10.29901 

60 

jsisBs 

.MWia 

701418!    J 

6S7S1S 

.MITW' 

iswno   58 

O&TTBO 

.S818B8     57 

.201586     56 

!0T 
.08 
.06 

TihTL-j  .     I 

.mtm   55 

«8((S31 

.saooea 

wisira 

VMOUl 

e 

;»4io«j 

.SBae40 

a 

'.ce 

.2900t3 

51 

«B«615' 

iiwest. 

.aeris 

GO 

11     B 

deems 

0  IMIIITII 

.08        " 
.66 

'.OS 
.68 

.08 

M    1 

40 

mm 

-WU116 

31 

48 

47 

■liW 

;»MtTr. 

46 

M0746 

TiiMt:  1  ; 

isseiBi 

45 

Moegi 

!wfSi5 

.SKBM 

.;i4>lTS0 

,S»RM 

43 

in ' 

.SBi234 

1»; 

wiias 

.£8692) 

SO  J 

eeiKO 

.886614     40  J 

£1  '  » 

4.-« 
4  (IT 

.08        " 

la 

:sa599.s  :  S8 

ss 

■■"■■^■'^ 

ioe 

.S85686.  87 

663940 

4"<t^ 

.S8SST6     30 

% 

assign 

:JS 

.S8506T 

» 

26 

«6»*W 

iamiia 

.»M7M 

SI 

ST 

ooavM 

.l»M49 

at 

663020 

!o8 

Si 

M 

0641  US 

ii 

:E838S* 

81 

NU106 

.WToaa 

.SBSfiSS 

ao 

SI     S 

a64M8 

j'rti 

10.:W8«9 

to 

Mmi 

51 

28 

33 

'.asam 

4  (H 

:o8 

26 

35 

OSMIT 

M 

team 

:S816T5     a* 

.E8iaa7  ,  23 

warn 

4  Od 

4. OS 

.281060  1  21 

m 

WKtS 

10 

r)oi4a    I 

.ffiOTaS     21 

WKH 

Tifliw'  ; 

.»>U5     20 

■11    » 

71SWdi    , 

10.WO138  '  19 

veraua 

4W    , 

isiTISG 

'lO 

.«W3t     18 

667346 

.WTOTO 

i«M7s ,  ; 

i 

.279521     17 

.ftlTOM 

.BMaiTlia 

45 

.M6U»T 

.278911      15 

46 

ettnair 

.SlUiTl 

7SI3M  1    i 

.Braaoi  jM 

6es30ii 

.S*MU 

'  n   li 

10 

.2»i98{l3 

13    |l 

Taaiw  ]   J 

49 

8W 

;»48l'lTl 

742315  1     ; 

66W3S 

.iMB60l 

7a!8si.  = 

:2T73:i»     W 

B1  '« 

mim 

3:«  1 

e.iw^ 

7i!!H7      ' 

i 

s 

oe 
or 

lO.K^ora '  6 

Bd 

.1MIMTI 

rasas     I 

S3i 

mmi 

.WttlOJ 

:1a  1 

TaSiM      J 

iSTBHlS        7 

61 

oroiNi 

.1MBSST 

.zrorfl     « 

or.  1 

(nIMIU 

:»i«i36 

:!a 

KtTW      E 

:efs2io-  s 

171131 

TiCOGJ       J 

U 

Tsssro     ! 

:^4^'  1 

Bil     0 

ifiim 

Biill-rtS,^ 

.13    I'  8 

nHffT4 ,  " 

IO.ST-1326 

0 

i^nT 

u.  r. 

"iT  T 

otar«.  .  D 

II 

T«g. 

~| 

28< 


COSINES,  TANGENTS,  AND  COTANGENTS.       i5l« 


'    '     Sine. 


0 

9.671609 

1 

.671847 

2 

.672084 

8 

.672821 

4 

.672558 

5 

.6?2795 

6 

.673032 

7 

.6'ra268 

8 

.673505 

9 

.673741 

10 

.673977 

11 

9.674218 

12 

.674448 

13 

.6746^4 

14 

.674919 

16 

.675155 

16 

.675390 

17 

.675624 

18 

.675859 

19 

.676094 

20 

.676328 

21 

9.676562 

22 

.676796 

23 

.677030 

24 

.677264 

25 

.677498 

26 

.677731 

27 

.677964 

28 

.678197 

29 

.67&J30 

30 

.678663 

31 

9.678895 

32 

.679128 

.33 

.679360 

34 

.679592 

35 

.679824 

36 

.680056 

37 

.680288 

38 

.680519 

39 

.680750 

40 

.680982 

41 

9.681213 

42 

.681443 

43 

.681674 

44 

.681905 

45 

.682135 

46 

.682365 

47 

.682595 

48 

.682825 

49 

.683055 

50 

.683284 

51 

9.683514 

52 

.683743 

53 

.683972 

54 

.684201 

55 

.6&4430 

56 

.684658 

57 

.684887 

58 

.685115 

59 

.685343 

60 

9.685571 

D.  r. 


3.97 
3.95 
8.95 
8.95 
8.95 
8.95 
8.98 
8.95 
8.93 
8.93 
8.98 

8.92 
8.98 
8.92 
8.98 
3.92 
3.90 
8.92 
3.92 
3.90 
3.90 

3.90 
3.90 
8.90 
3.90 
3.88 
3.88 
3.88 
3.88 
3.88 
3.87 

3.88 
3.87 
3.87 
3.87 


3. 
3. 
3. 


.87 
.87 
.85 
3.85 
3.87 
3.85 

3.83 
3.85 
3.85 
3.83 
3.83 

3. as 

3.83 
3.83 
3.82 
3.83 

3.82 

3.82 
3.82 
3.82 
3.80 
3.82 
3.80 
3.80 
8.80 


Cosme. 


D.  r. 


Tang. 


'   I  Cof»ine.  I  D.  1'. 


9.945935 
.945868 
.945800 
.946733 
.946666 
.»46698 
.945531 
.945464 
.945396 
.945328 
.946261 

9.945193 
.945125 
.945058 
.944990 
.944922 
.944854 
.944786 
.944718 
.944650 
.944582 

9.944514 
.944446 
.944377 
.944309 
.944241 
.944172 
.944104 
.944036 
.943967 
.943899 

9.943830 
.943761 
.943693 
.943624 
.943555 
.943486 
.943417 
.943348 
.943279 
.943210 

9.943141 
.94:^.072 
.943003 
.942934 
.942864 
.942795 
.942726 
.942656 
.942587 
.942517 

9.942448 
.942378 
.942308 
.9422:^9 
.942169 
.942099 
.942029 
.941959 
.941889 

9.941819 

Sine. 


12 
18 
12 
12 
18 
12 
12 
18 
18 
12 
,18 

13 
,12 
13 
18 
.13 
18 
.18 
.18 
.13 
.13 

.18 
.15 
.13 
.13 
.15 
.13 
.13 
.15 
.13 
.15 

.15 
.13 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 

.15 
.15 
.15 
.17 
.15 
.15 
.17 
.15 
.17 
.15 

.17 
.17 
.15 
.17 
.17 
.17 
.17 
.17 
.17 


D.  1". 


9.725674 
.725979 
.726284 
.726588 
.726892 
.727197 
.727501 
.727805 
.728109 
.728412 
.728716 

9.729020 
.729323 
.729626 
.729929 
.730283 
.730535 
.730838 
.731141 
.731444 
.731746 

9.732048 
.732351 
.732653 
.732955 
.733257 
.733558 
.738860 
.734162 
.734463 
.734764 

9.735066 
.735367 
.735668 
.735969 
.736269 
.736570 
.736870 
.737171 
.737471 
.737771 

9.738071 
.738371 
.738671 
.738971 
.739271 
.739570 
.739870 
.740169 
.740468 
.740767 

9.741066 
.741366 
.741664 
.741962 
.742261 
.742559 
.742858 
.743156 
.743454 

9.748752 


D.  1'. 


Cola]%. 


6.08 
6.08 
6.07 
5.07 
5.05 
6.07 
6.07 
6.07 
6.05 
6.07 
5.07 

6.05 
6.05 
6.05 
5.07 
5.03 
6.05 
5.06 
5.05 
6.08 
5.08 

5.05 
5.08 
5.08 
5.08 
5.02 
5.03 
5.03 
5.02 
5.02 
6.03 


,02 
02 
02 
00 
02 
00 
02 
,00 
,00 
.00 


5.00 
5.00 
5.00 
5.00 
4.98 


.00 
.98 
.98 
.98 
.98 


4.98 
4.98 
4.97 


4 
4 
4, 
4. 
4. 


98 
97 
98 
97 
97 


4.97 


118< 


Cotang.  I  D.  l*. 

741 


10.274326 
.274021 
.273716 
.278412 
.278108 
.272803 
.272499 
.272195 
.271891 
.271588 
.271284 

10.270980 
.270677 
.270374 
.270071 
.269767 
.269465 
.269162 
.268859 
.268556 
.268254 

10.267952 
.267649 
.267347 
.267045 
.266743 
.266442 
.266140 
.265838 
.265537 
.265236 

10.264934 
.264633 
.264332 
.264031 
.263731 
.263430 
.263130 
.262829 
.262529 


60 
59 
58 
57 
66 
55 
54 
63 
52 
61 
50 

49 
48 
47 
46 
46 
44 
48 
42 
41 
40 

89 
38 
37 
86 
86 
34 
83 
32 
31 
30 

29 
28 
27 
26 
25 
24 
28 
22 
21 
.262229  i  20 

10.261929  !  19 
.261629  18 
.261329 
.261029 
.260729 
.260430 
.260130 
.259831 
.259532 


</ 


17 
16 
15 
14 
13 
12 
11 
.269233  10 


I 


10.258934 
.258635 
.268336 
.258038 
.267739 
.267441 
.257142 
.256844 
.256546 

10.256248 


Tang. 


9 
8 
7 
6 
6 
4 
3 
2 
1 
0 


«s? 


w 


TABLE  XVIII.— LOGARITHMIC  SINES. 


150* 


0 

1 

2 
8 
4 

6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
90 

21 
22 
28 
24 
25 
26 
27 
28 
29 
80 

81 
82 
83 
84 
85 
86 
87 
38 
89 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
62 
5;i 
54 
55 
56 
57 
58 
59 
60 


£Uiie/ 


0.685571 
.685799 
.686027 
.686254 
.686482 
.686709 
.686936 
.667163 
.687889 
.687616 
.687843 

9.688069 
.688295 
.688521 
.688747 
.688972 
.689198 
.689423 
.689648 
.689873 
.690098 


9. 


9 


690823 
.690548 
.690772 
.690996 
.691220 
.691444 
.691668 
.691892 
.692115 
.692339 

6»^62 
.692785 
.608008 
.693231 
693153 
.693676 
.693898 
.694120 
.694^2 
6945(>1 

,694786 
.695007 
.695229 
.695451) 
.695671 
.695892 
.696113 
.69G;«4 
(596554 
.696775 

9.696995 
.697215 
.6974:^5 
.697654 
.697874 
.698004 
.698313 
.698532 
.698751 

9.698970 


9 


Cosine. 


D.  r. 


8.80 
3.80 
8.78 
3.80 
3.78 
3.78 
3.78 
8.77 
3.78 
8.78 
3.77 

3.77 
3.77 
3.77 
8.75 
3.7r 
8.75 
8.75 
3.75 
3.75 
3.75 

3.75 
3.73 
3.73 
3.73 
3.73 
3.73 
3.73 
3.72 
3.73 
3.72 

3.72 
3.72 
3.72 
3.70 
3.72 
3.70 
3.70 
3.70 
3  70 
3.70 

8.68 
3  70 
3.68 
8.68 
3.68 


3. 
3. 


.68 
.68 
3.67 
3.68 
3.67 


3.67 
3.67 


3 

3. 

3. 

3 

3. 


65 
67 
67 
65 
65 


3.65 
3.65 


Cosine. 


9.941819 
.941749 
.941679 
.941609 
.941539 
.941469 
.941398 
.941828 
.941258 
.941187 
.941117 

9.941046 
.940975 
.940905 
.940834 
.910763 
.940693 
.910622 
.940551 
.940480 
.940409 

9.910838 
.940267 
.940196 
.940125 

.989982 
.939911 
.939840 
.939768 
.939697 

9.939625 
.939554 
.939482 
.939410 
.939339 
.939267 
.939195 
.939123 
.939052 
.938980 

9.938906 
.938836 
.938763 
.938691 
.938619 
.93a547 
.938475 
.93^102 
.9J^3:» 
.938258 

9.938185 
.9:«<113 
.9;i8()40 
.9;i7lK)7 
937895 
.937822 
937749 
.937076 
.937(KU 

9.9375131 


D.  r. 


1. 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


17 
17 
17 
17 
17 
18 
17 
17 
18 
17 


1.18 

1.18 
1.17 


.18 
.18 
.17 


1.18 


1. 
1. 
1. 
1. 


18 
18 
18 
18 


1.18 
1.18 
1.18 
1.18 
1.20 
1.18 
1.18 
1.20 
1.18 
1.20 


.18 
.20 
20 
.18 
.20 
.20 
,20 
,18 
20 
20 


1.20 
1.22 
1.20 

1.20 
1.20 
1.20 
1.22 
1.20 
1.20 
1.22 

1.20 
1.22 

1.20 
1.22 
1.22 
1.22 
1.20 
1.22 


Tang. 


9.748';^ 
.744050 
.744348 
.744645 
.744943 
.745240 
.745538 
.745885 
.74il32 
.746129 
.746726 

9.747028 

.747819 
.747618 
.747913 
.748209 
.748505 
.748801 
.749097 
.749893 
.749689 

9.749985 
.750881 
.750576 
.750872 
.751167 
.751462 
.751757 
.752052 
.752347 
.752612 

9.752937 
.753231 
.753526 
.753820 
.754115 
.754109 
.754703 
.754997 
.755291 

'.755585 

9.755878 
.756172 
.756465 
.756759 
.757052 
.757315 
.757638 
.757931 
.758224 
.758517 

9.758810 
.759102 
.759395 
.759687 
.759979 
.760272 
.760564 
760856 
.761148 

9.761439 


D.  r. 


4.97 
4.97 
4.95 
4.97 
4.95 
4.97 
4.95 
4.95 
4.95 
4.95 
4.95 


4 
4 
4 
4. 
4 
4 
4 
4 
4 


98 
95 
95 
98 
98 
98 
98 
93 
93 


4.93 

4.98 
4.92 


4. 
4 
4. 
4. 
4 
4. 
4. 


98 
92 

92 
92 
92 
92 
92 


4.92 

4.90 
4.92 
4.90 
4.92 
4.90 
4.90 
4.90 
4.90 
4.90 
4.88 

4.90 
4.88 


4 
4 
4 
4 
4 
4, 
4 


90 
88 
88 
88 
88 
88 
88 


4.88 

4.87 
4.88 
4.87 
4.87 
4.88 
4.87 
4.87 
4.87 
4.85 


Cotang. 


10.2SaSM8 

.965050 

.255652 

.256855 

.255057 

.254760 

.254462 

.254165 
.  .258668 

.253671 

.253274 

10.252977 
.252681 
.262884 
.252087 
.251791 
.251495 
.251199 
.250903 
.250607 
.250811 

10.250015 
.249719 
.219424 
.219128 
.248833 
.248638 
.218248 
.247948 
.247653  81 
.347858  j  80 

10.947068  I  20 
.246769  28 
.246474 
.246180 
.245885 
.246691 
.246297 
.346008 
.344709 
JB44415 

10.1M4122  19 
.248828 
.948585 
.948941 
.9«»48 
.242656 
.242862 
.242069 
.241776 
.941488 

10.941190 

.310698 

.940605 

.940813 

.310021 

.939728 

.989436 

.239144 

.986859 
10.236561 


D.  1'.  1 1     Sine,     i  D.  1'.    '  Cotang.  I  D.  1'.  I    Tang.     I   ' 
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mt 


so* 


COSINES,  TANGENTS,  AND  COTANGENTS.       149* 


51 
52 
53 
54 
55 
56 
57 
68 
69 
60 


9 


9 


0 

t 

t 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 

15 
16 
17 
18 
19 
30 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41  9 

42 

43 

44 

45 

46 

47 

48 

49 

50 


Sine. 


fi.  006970 
.699180 
.099407 
.009626 
.699644 
.700062 
.700280 
.700498 
.700716 
.700983 
.701151 


9 


9 


9 


701968 
701585 
701802 
702019 
702236 
702452 
702669 
702885 
708101 
703317 

703633 
703749 
703964 
704179 
704395 
704610 
704825 
705040 
705254 
705469 

705683 
705896 
706112 
706326 
706539 
706753 
706967 
707180 
707393 
707606 

707819 
708032 
708245 
706458 
708670 
708882 
709094 
709306 
709518 
709730 

709941 
71015:^ 
710364 
710575 
710786 
710997 
711208 
711419 
711629 
711839 


Cosine. 


D.l». 


3.06 
3.68 
8.66 
8.68 
8.68 
3.68 
3.68 
3.68 
3.62 
3.68 
3.62 

3.62 
3.62 
62 
62 
60 
62 
3.60 
3.60 
3.60 
3.60 

3.60 
3.58 
3.58 
3.60 
3.68 
3.68 
3.68 
3.57 
3.56 
3.67 

3.56 
3.OT 
3.57 
3.55 
3.57 
3.57 
3.55 
3-55 
3.56 
3.56 

3.56 
3.55 
3.55 
3.53 
3.53 
3.53 
3.53 
3.53 
3.53 
3.52 

3.53 
3.52 
52 
52 
52 
52 
3.52 
3.50 
3.50 


i>.  r. 


Cofitne. 


9.987581 
.907468 
.907386 
.987813 
.987288 
.987105 
.987092 
.937019 
.930946 
.986672 
.980799 

9.986725 
.986652 
.986578 
.986506 
.986431 
.986357 
.936284 
.986210 
.986186 
.986062 

9.985988 
.935914 
.985840 

.m^m 

.985692 
.985618 
.985548 
.985469 
.935395 
.935320 

9.985246 
.935171 
.935097 
.985022 
.934948 
.934873 
.934798 
.934723 
.984649 
.984574 

9.934499 
.984424 
.934849 
.934274 
.934199 
.934128 
.984048 
.908973 
.983898 
.988822 

9.933747 
.933671 
.933596 
.933520 
933445 
.983869 
.933298 
.933217 
.933141 

9.939000 

Sine. 


D.r. 


1.22 
1.22 
1.22 
1.28 
1.22 
1.22 
1.22 
1.22 
1.28 
1.22 
1.28 


1. 
1. 
1. 

1. 


22 
28 
22 
28 
1.28 
1.22 
28 
28 
28 
28 


1.28 
1.28 
1.28 
1.28 
1.28 
1.25 
1.28 
1.28 
1.25 
1.28 

1.25 
1.23 
1.25 
1.28 
1.26 
1.26 
1.26 
1.28 
1.25 
1.26 

1.25 
1.25 
1.25 

1.25 
1.27 
1.25 
1.25 
1.25 
1.27 
1.25 

1.27 
1.25 
1.27 
1.25 
1.27 
1.27 
1.27 
1.27 
1.25 


D.  1". 


Tang. 


9.701489 
.701781 
.702023 
.702814 
.762000 
.702897 
.708188 
.768479 
.708770 
.784001 
.704862 

9.704043 
.704983 
.766224 
.765614 
.765805 
.766095 
.760885 
.766075 
.766965 
.767255 

9.767545 
.767884 
.768124 
.768414 
.768703 
.768992 
.769281 
.769571 
.769860 
.770148 

9.770437 
.770726 
.771015 
.771303 
.771592 
.771880 
.772168 

.  .772457 
.772746 
.773083 

9.778321 
.778608 
.773896 
.774184 
.774471 
.774759 
.TiSOUd 
.775888 
.775621 
.775908 

9.776195 
.776482 
.776768 
.777055 
.777842 

.rr7628 

.777916 

.778201 

.778488 

9.778774 

CotMBg. 


D.r. 


4.87 
4.87 
4.85 
4.87 
4.85 
4.85 
4.86 
4.86 
4.85 
4.85 
4.85 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


88 
86 
88 

85 
jm 
88 
88 
88 
88 
88 


4.82 
4.88 
4.88 
4.82 
4.82 
4.82 
4.88 
4.82 
4.80 
4.82 

4.82 
4.82 

4.80 
4.82 
4.80 
4.80 
4.82 
4.80 
4.80 
4.80 

4.78 
4.80 


4. 
4. 
4. 
4. 
4. 


.80 
.78 
.80 
.78 
.78 
4.80 
4.78 
4.78 

4.78 
4.77 
4.78 
4.78 
4.77 
4.78 
4.T7 
4.78 
4.77 

dTtT 


Cotong. 


10.238561 
.296260 
.237977 
.287686 
.297894 
.287103 
.280812 
.286621 
.286280 
.235989 
.235648 

10.286857 
.286007 
.234776 
.284480 
.284195 
.288905 
.283015 
.283825 
.288035 
.232745 

10.232455 
.282166 
.231876 
.231586 
.231297 
.231008 
.230719 
.230429 
.230140 
.229862 

10.229663 
.229274 
.228965 
.228697 
.228408 
.228120 
.227832 
.227543 
.227255 
.220907 

10.226679 
.220892 
.220104 
.225816 


00 
59 
56 
57 
56 
66 
64 
58 
52 
51 
50 

49 
48 
47 
40 
45 
44 
48 
42 
41 
40 

39 
88 
87 
80 
35 
34 
38 
32 
31 
30 

29 
28 
27 
20 
25 
24 
23 
22 
21 
20 

19 
18 
17 
10 


.225529 

15 

.225241 

14 

.2^954 

13 

.224067 

12 

.224379 

11 

.224002 

JO 

10.223805 

9 

.223518 

8 

•  wwCAwkJ^ 

7 

.222M5 

0 

.222658 

5 

.222872 

4 

.222066 

S 

.221799 

2 

.291612 

1 

10.221220 

0 

Tang. 
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9V  TABLK  X Mil. —LOGARITHMIC  BINES. 


<    / 


hkuti.      V.  y. 


<}(jmie.  i  V.  r.  >     Taos.    ;  l>.  1'.  '  Couubs. 


1 

4 
6 

a 
i;i 

H 
16 
K} 
J7 
J>i 
IV 

;du 

2i» 
)M 

)tl^ 
iiti 
ur/ 

Hi) 
HI 

Hii 

m 

»7 

m/ 

4U 

41 

4-J 

4a 

4i 
4f) 
It) 
li 
4M 
4tl 
Ml 

<>l 

M 
M 
{»:> 
(lii 
f)i 
f»H 


Minify 

smub 

.713X^7 

.7  mam 

V. 714144 
.714«W 
.714001 
.7147«y 
."414^7^ 

.7J5ibe 

.710%^ 

rnmrz 

.71GW/y 
.71WJ7 

V.7J«J«4 

.7it;4y^ 

.7Hmi 

.7ieb4«J 

.7J70W 
.717^71^ 
.7J74</; 
.71707;^ 
.717«7i* 
.71ttW»5 


i  a 


71H:«^J 

.71H4t*7 

.7wm 

.7J0JJ4 

.7Jo;jy<i 

.7Jl>f>aft 

.7iu7;Ki 

.71W>3ft 
.'i2tiJ4^) 

U  7Ji<Wl5 


^.4b 

a.4K 

{i.4b 
^.4« 
'6.4)6 
ai.4b 

«.47 
^.4b 
^.47 
'6.4ii 
».47 
3.47 
«.47 
3.46 
3.47 
3.46 

3.47 
3.46 
3.46 
3.46 
3.43 
3.46 
3.46 
3.43 

3  4;^ 

3  43 
3.43 
3.43 
ii.4Si 
3.43 

3.4;^ 
3.4J« 
3  i'i 
3.4tf 
HA'd 

3  4<> 
3.4;^ 
3  40 
»  40 
3. 10 
;i.4<l 
a  40 
3.40 
H  HH 
3  40 

H.3M 
M  HH 

a  aH 
a  art 
a  art 
a  Hrt 
a  ar 
a  a? 
a  art 


.M^14 

.W»7«a;  I 

.WMM^  ; 
.MBf»J3  ' 

.t««15]   . 
.tfJMf70 
.U3JMb  I 

.U31M& 
.«J17W  , 
.^l(iM  I 

.ii3iei4 

.5131537  ' 

.vdvm 

.V3J)£i» 

.mjtm 
.mm7¥> 

,mm7 

.(>5ili7fifi 

.mm77 
.Mmm 

.WOJttU 

.1W1W07 

U.U"JUIt.M) 
.UUiMlfiO 

.t»\irtrt»a 
.uyrtHift 
.U'jrtvan 

uvHsirt 

.U;OHlSiU 


.sr 

.1!7 
.Iff! 
.196 
.Iff 
.Jff 
.S!7 
.fB6 

.J!7 

.S^ 

.106 
.» 

.»$ 

.j« 

.:» 
.«i 

.»^ 
.J« 
.30 

.3U 

.30 
.«« 
.30 
.30 
.5« 
.30 
.30 
.30 
.30 

.30 
.30 
.30 
.30 
.80 

ysi 

30 
HO 

.30 

HO 
HO 

asj 

.3'J 

.ax) 


,  i  ii.  J'.  .1     i^im,     I  D.  r. 


9.T7»774 
.77WJ0i» 
.77MM0 

.rrywb 

.7Mtt(» 

.7W77D 
.7V106U 
.?«134(> 

.7»i<sa 

.'^^EfiiUl 

.THSsrri 

.7iS»jaii 
.7K8341 

.7«aM0 
.TWlKi 
.7M479 

1^.784764 

.7t«i048 
.78Kfi& 

.TUblHi 

.786765? 
.7W(0S 

.Ttmiy 

.7mm 

.7HH170 
.7«W63 

.7mm 

.789019 

.7mm 

.7H96H6 
.7H(M0H 
.790161 

0.790434 
.79071« 
.790999 
. 791281 
.';'915fl8 
.791846 
.79tfl2H 
.79Ji410 
.79a<l9a 
.79^974 

9.793:2r)fi 
.793ft;W 
.7i»3HI9 
.794101 
.7943H3 
.794664 
.71U946 
.796JS87 
.796608 

9.795789 


I 


«^       10. 


i  1 1 


Cut4Ul|p. 


4 

4.77 

4.77 

4.77 

4.76 

4.77 

4.77 

4.76 

4.77 

4.75 

4.7& 

4.75 
4.75 
4.TD 
4.75 
4.75 
4.75 
4.TB 
4.75 
4.78 
4.T5 


JX0f&4 


4 

4. 
4. 
4. 
4. 


.78 
.78 
.78 
.78 
.78 
4.:^ 
4.28 
4.78 
4.72 
4.78 

4.72 

4.78 
4.72 


72 
72 
72 
72 
72 
72 


4.72 

4.70 
4.72 
4.70 
4.70 
4.?2 
4.70 
4.70 
4.70 
4.70 
4.70 

4.70 
4.68 
4.70 
4.70 
4.68 
4.70 
4.68 
4.68 
4.68 


I  «0 
SB 
S8 
S7 

S6 
94 

38 

as 

sa 

.  so 

4B 

47 

46 
« 
44 

48 
4S 
41 
4D 


.2iieii 

.ZlBBK 
.218M0 

10.2»QB4 
.2nSi]4 

.garni 

.2Mi8» 
.»«874 

.a<fQ(io 

.215806 
.2I6Sa 

10.215286  I  » 
.214992  '  88 
.214008  ;  97 
.214884  >  86 
.214100  i  86 
.218816  84 
.218582  88 
.2iadl8  I  82 
.212964  -  81 
.212681     80 

10.212897  29 
.212114  ;  28 
.211680  27 
.211547  ,  26 
.211264  :  25 
.210981  24 
.210096     28 


.210115 
.210182 


22 
21 


.209849  20 


10.209566 
.209284 
.209001 
.208719 
.208487 
.206154 
.207872 
.207500 
.207808 
.207026 

10.206744 
.206462 
.206181 
.205800 
.205617 
.205886 
.205054 
.204Tr3 
.204402 

10.204211 


l>,  V.  {     Tang. 


10 
18 
17 
16 
15 
14 
18 
12 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 
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COSINES,  TANGENTS,  AND  COTANGENTS. 
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».,    Id-.-.Jc 

oaina. 

»..-. 

aiig.       r. 

J. 
_ 

„„... 

' 

~ 

B7S4aii) 

1 

isfua) 

i.ao      " 

79R789       . 

IS 

loaowii 

80 

1 

7911070       J 

!%l39:)a  1  E9 

.acEiOI'j    68 

:rai8i8     ^ 

mwas     1 

18 

.mm    B7 

I.B3 
1.33 

796913      I 

.MB087     B8 

!tU318       i 

18 

.7554!»       S 

.TSHSa       ^ 

U:!7W7 

TOTTOS       3 

.303845    SB 

.Ksasa     % 

i 

osrw 

7fleOS6       5 

.301981  |BS 

.726034      ^ 

BSTTOB 

1 

.TS0S25      * 

i>2rm 

'.mm  >  BO 

B.rawao     a 

027549 

i.sa 

1.B3 
3,33 
1.83 
1.33 

lias 
I.sa 

798877       . 

10.301133  ;  49 

WTO 

7B9I57        1 

17 

.aoosis    48 

IS 

!rss8ST     ^ 

79B437       I 

:3ooa83  |« 

IT 

799fiH7       3 

.300003  '4S 

199^   la 

IS 

.TBTSan     ; 

ts 

i 

: 199104 

43 

.Ta«S7       ^ 

HOBll 

WllIB       3 

gae83i 

!]U88U4 

40 

31 

o'TSSJi-T       ^ 

3.S3         " 
1.33 

i:s3 

l!33 

W 

10.19882.1 

39 

BS 

.TOsaao     ; 

awrri 

soiftia     3 

.i9eow 

38 

.W8SH       1 

eflw 

302234        5 

.ISTTWi 

H 

36 

» 

f! 

!ie7V08     33 

^Tttftiia     f 

acM 

io30?e     3 

.19fllll!H  1  81 

.raoeai     * 

08370 

» 

.IVUftlU     33 

«8 

.728820       J 

mm 

.190370     33 

M 

K0S9UB      3 

1 

.196001  ,  81 

:?B<B17       \ 

aem 

S041H7      i 

.195813     30 

81 

83 

i 

Kswa 

lisa 
i!a.^ 

03 

ia.l9S,^     !S 

sa 

MW745       ^ 

.19S3.T.  1  38 

:780811 

(36788 

,19JU7T     37 

.7anx« 

saanw 

.191898     36 

SG 

)3je» 

33 
33 

1)3 

.1944^0  1  33 

M 

:73J4M 

8068ai      ^ 

.1»U11     34 

.TBlBOa 

«5166 

80ais7     3 

.193303     S3 

88 

.781799 

P3i3Sl 

.laasHS  '  22 

SB 

.193307     SI 

« 

:78319B 

9»e33 

803971       ^ 

.ISBMO 

30 

tl 

9.vssm 

1 

1» 

I'ss      ^ 
lias 

I'.K 

i'm 

83 
03 
<SS 

83 

10.193^1 

«■ 

Ksoeo 

.19!il73 

18 

M 

924079 

H07805      ^ 

.laam 

fi 

.masi 

134397 

I- 

8 

'.mm 

n4'8s 

80BG38      ; 

:  191383 

14 

tt 

il 

■smn 

803918       ; 

M 

.191034 

13 

■ 

M 

.rasTss 

■ 

s 

.Tsssei 

auji 

sooin     ' 

:i90539 

11 

I 

.iMisr     J 

9MiaB 

H00748       ; 

.190383 

10 

■ 

lbi 

1.36 

11 

BIOOSS       , 

63 

10.189STG 

1 

ll 

K  ■ 

i!^ 

810580    ; 

■S 

? 

■ 

.tUIW      ] 

m  t 

Bioiter 

■ 

■w 

8111W 

5 

■ 

>BS 

!iaa3p     1 

B11410 

I 

Si 

J>pJ  i 

811887      { 
eiBWl       ] 

:ig7?.yi 

1 

t 

■r 

sa 

80 

1 

1 

V 

^ 

SliBlT      * 

10.137483 

0 

W 

iB.r.     c 

otug.     D 

TT 

Tang. 

»• 

TABLE  XVni.- 

-LOGARITHMIC 

SINES. 

i«r 

8tDS. 

D.V. 

,«,„. 

D.r. 

Tu>e.       D 

r. 

Cotone 

60 

~ 

S. 736109 

23        * 

Be3M>l 

l.iU      « 

Biai7 

60 
«3 
flO 

83 
00 
60 
SO 
60 

10.187481 

1 

.nuua 

M3»)fi 

B1Z7M       ' 

.insuo 

t 

.nuv8 

:n 

i:b7 

819070      ; 

.88030 

58 

W3345 

.86653 

4 

inuM 

IS 

easans 

1:37 

U 

B 

.Tffina 

9JS1M 

813888      : 

!l»l6l 

ss 

« 

8 

.;IT4I17 

o^aoio 
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814178      _ 

.8SeS4 
.1^048 

54 

9 
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Be«5i 

8I50M      ; 

:64ra6 

SI 
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815280      , 

.mm 

SO 

11 
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a:aa 

MSOM 

i.sa      " 

S1K55       . 

60 
60 
58 
60 

eo 

58 

10.  8444S 

4B 

11 

.mm 

MSOOS 

816H31 

.84168 

48 

.THBftJT 

SlfllOT 

.  8SaS3 

47 

.73»O0 

816383      ; 

46 

IS 

9S33.W 

1:38 

l.as   ; 
1.38 

:  83112 

45 

M 

iTBOaifl 

0MST3 

81693.1       ; 

.  88067 

S17l»9       , 

.1887^1 

10 

iTSWTNa 

J^^ 

SiTreo     ■ 

.18SS16 
,l»BMi 

43 

M 

BSIMO 

818035      : 

.181905 

40 

9.™im 

^:*    ' 
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S8 
58 
68 
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68 

ao 

es 
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88 

» 
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miflHi 
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m 

II 
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.180865 

K 

» 

AJOMl 
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S6 

£ 
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31 

m 

:T415(H 

IW1LT4 

820834       , 

ai 

m 

esiiw 
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!  179499 

31 

so 

M!107 

K05B3    ; 

.178817 

30 

B.MSOHO 

If.  ' 

Siiiois 

140       * 

67 
1 

10.118948 

» 

u 

11    ■ 

.]7»6fl8 

S8 

8S 
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CX)SINES,  TANGENTS,  AND  CX)TANGENTS.       145« 


Sine. 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
13 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
82 
88 
84 
85 
86 
87 
88 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9  747562 
.747749 
.747936 
.748123 
.748310 
.748497 
.748683 
.748870 
.749056 
.749243 
.749429 

9.749615 
.749801 
.749987 
.750172 
.750358 
.750543 
.750729 
.750914 
.751099 
.751284 

9.751469 
.751654 
.751839 
.752023 
.752208 
.752392 
.752576 
.752760 
.752944 
.753128 

9.753312 
.753495 
.753679 
.753862 
.754046 
.754229 
.754412 
.754595 
.754778 
.754960 

9.755143 
.755326 
.755508 
.755690 
.755872 
.756054 
.756236 
.756418 
.756600 
.756782 

9.756963 
.757144 
.757826 
.757507 
.757688 
.757869 
.758050 
.758230 
.758411 

9.758591 


Cosine. 


D.  r. 


8.12 
8.12 
8.12 
8.12 
8.12 
3.10 
3.12 
3.10 
3.12 
8.10 
3.10 

8.10 
8.10 
8.06 
8.10 
8.06 
8.10 
3.06 
3.08 
3.06 
3.06 

8.08 
3.06 
8.07 
8.06 
3.07 
3.07 
8.07 
8.07 
8.07 
8.07 

8.05 
3.07 
8.07 
8.07 
3.05 
8.05 
3;05 
8.05 
3.03 
8.05 

8.05 
3.03 
3.03 
3.03 
3.03 
3.03 
.03 
.03 
3.03 
3.02 

3.02 
303 
3.02 
3.02 
302 
3.02 
8.00 
8.02 
3.00 


8. 
3. 


D.  r. 


Cosine. 


9.918574 
.918489 
.918404 
.918318 
.918283 
.918147 
.918062 
.917976 
.917891 
.917805 
.917719 

9.917684 

.917548 
.917462 
.917376 
.917290 
.917204 
.917118 
.917032 
.916946 
.916859 

9.916773 
.916687 
.916600 
.916514 
.916427 
.916341 
.916254 
.916167 
.916061 
.915994 

9.915907 
.915820 
.915733 
.915646 
.915559 
.915472 
.915385 
.915297 
.915210 
.915123 

9.915035 
.914948 
.914860 
.914773 
.914685 
.914598 
.914510 
.914422 
.914334 
.914^6 

9.914158 
.914070 
.913982 
.913894 
.918806 
.913718 
.913630 
913541 
.913453 

9.913865 


D.r. 


1.42 
1.42 
1.48 
1.42 
1.48 
1.42 
1.48 
1.42 
1.48 
1.48 
1.42 

1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.45 
1.43 

1.43 
1.45 
1.43 
1.45 
1.43 
1.45 
1.45 
1.43 
1.45 
1.45 

1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.47 
1.45 
1.45 
1.47 

1.45 
1.47 
1.45 
1.47 
1.45 
1.47 
1.47 
1.47 
1.47 
1.47 

1.47 
1.47 


.47 
,47 
.47 
.47 


1.48 


47 
47 


Tang. 


9.828987 
.829260 
.829582 
.829605 
.830077 
.880349 
.830621 
.830893 
.881165 
.881437 
.831709 

9.831981 
.832253 
.832525 
.832796 
.833068 
.833339 
.883611 
.833882 
.834154 
.834425 

9.834696 
.834967 
.885238 
.835509 
.835780 
.836051 
.836322 
.836593 
.836864 
.887134 

9.887405 
.837675 
.837946 
.838216 
.888487 
.838757 
.839027 
.839297 
.839568 
.839838 

9.840108 
.840378 
.840648 
.U0917 
.841187 
.841457 
.841727 
.841996 
.842266 
.842535 

9.842805 
.843074 
.848843 
.848612 
.843882 
.844151 
.844420 
.844689 
.844958 

9.845227 


Sine.       D.  1'.  ||  Cotang. 


D.r. 


4.66 
4.58 
4.56 
4.53 


4. 
4. 
4. 
4. 
4. 


.68 
.58 
.68 
.68 
.53 
4.58 
4.63 

4.63 
4.63 
4.52 
4.63 
4.62 
4.53 
4.52 
4.63 
4.62 
4.62 

4.62 
4.62 
4.62 
4.62 
4.62 
4.62 
4.62 
4.62 
4.60 
4.52 

4.50 
4.52 
4.50 
4.52 
4.50 
4.50 
4.50 
4.52 
4.50 
4.50 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


.50 
.50 
.48 
.50 
.50 
.50 
.48 
.50 
4.48 
4.50 

4.48 
4.48 
4.48 
4.50 
4.48 
4.48 
4.48 
4.48 
4.48 


D.r. 


Cotang. 


10.171018 
.170740 
.170468 
.170195 
.169923 
.169651 
.169379 
.169107 
.168835 
.168563 
.168291 

10.168019 
.16rr47 
.167475 
.167204 
.166932 
.166661 
.166389 
.166118 
.165846 
.165575 

10.165304 
.165033 
.104762 
.164491 
.164220 
.163949 
.168678 
.163407 
.168136 
.162866 

10.162595 
.162325 
.162054 
.161784 
.161513 
.161243 
.160973 
.160703 
.160432 
.160162 

10.159892 
.159622 
.159352 
.159083 

1  .158813 
.158643 
.158273 
.158004 
.157734 
.167465 

10.157196 
166926 
.166657 
.156388 
.156118 
.155849 
.165680 
.165811 
.155042 

10.164778 


Tang. 


60 
50 
58 
57 
66 
65 
54 
53 
62 
61 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

89 
88 
87 
86 
85 
84 
88 
82 
81 
80 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
18 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
2 
1 
0 


i24r* 


1^ 


35< 


TABLE  XVIII.— LOGARITHMIC  SINES. 


144* 


0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
1^ 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
31 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine. 


9.758591 
.758772 
.758952 
.759132 
.759312 
.759492 
.759672 
.759852 
.760031 
.760211 
.760390 

9.760569 
.760748 
.760927 
.761106 
.761285 
.761464 
.761&42 
.761821 
.761999 
.762177 

9.762356 
.762534 
.762712 
.762889 
.763067 
.763245 
.763422 
.763600 
.763777 
.763954 

9.7&1131 
.764308 
.7W485 
.7W662 
.7&1838 
.765015 
.765191 
.765367 
.765544 
.765720 

9.765896 
.766072 
.766247 
.  760423 
.766598 
.766774 
.766949 
.767124 
.767300 
.767475 

9. 767049 
.7678:;^4 
.767999 
.768173 
.768348 
.76av>2 
.768697 
.768871 
.769045 

9.769219 


D.  r. 


3.02 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.98 
3.00 
2.98 
2.98 


,98 
98 
98 
98 
98 
97 
98 
97 
97 
98 


2.97 
2.97 
2.95 
2.97 
2.97 
2.95 
2.97 
2.95 
2.95 
2.95 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


95 
95 
95 
93 
95 
93 
93 
95 


2.93 
2.93 

2.93 
2.92 
2.93 
2.92 
2.93 
2.92 
2.92 
93 
92 
90 


2.92 
2.92 
2.90 
2.92 
2.90 
2.92 
2.90 
2.90 
2.90 


Cosine^ 


9.913365 
.913276 
.918187 
.913099 
.913010 
.912922 
.912833 
.912744 
.912655 
.912566 
.912477 

9.912388 
.912299 
.912210 
.912121 
.912031 
.911942 
.911853 
.911763 
.911674 
.911584 

9.911495 
.911405 
.911815 
.911226 
.911136 
.911046 
.910956 
.910866 
.910776 
.910686 

9.910596 
.910506 
.910415 
.910325 
.910235 
.910144 
.910054 
.909963 
.909873 
.909782 

9.909691 
.909601 
.909510 
.909419 
.909328 
.909237 
.909146 
.909055 
.908904 
.908873 

9.908781 
.908690 
.908599 
.908507 
.908416 
.908324 
.908233 
.908141 
.908049 

9. 907958 


D.  1'. 


1.48 
1.48 
1.47 
1.48 
1.47 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 

1.43 


1 
1 
1 
1 
1 
1 


48 
48 
50 
48 
48 
50 


1.48 
1.50 
1.48 

1.50 
1.50 
1.48 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 


1. 
1, 
1, 
1 


.52 
.50 
.50 
.52 
1.50 
1.52 
1.50 
1.52 
1.52 

1.50 
1.52 
1.52 
1.52 
.52 
.52 
.52 
1.52 
1.52 
1.53 

1.52 
1.52 
1.53 
1.52 
1.53 
1.52 
1.53 
1.53 
1.52 


Tang. 


9.845227 
.845496 
.W57&4 
.846033 
.846302 
.846570 
.846839 
.84n08 
.847376 
.847044 
.847913 

9.848181 
.848449 
.848n7 
.848986 
.849254 
.849522 
.849790 
.850057 
.^0325 
.850593 

9.850661 
.851129 
.851396 
.851664 
.851931 
.852199 
.852466 
.852733 
.853001 
.853268 

9.853535 
.853802 
.854069 
.854336 
.854603 
.854870 
.855137 
.855404 
.855671 
.855938 

9.856204 
.856471 
.856737 
.857004 
.857270 
.857537 
.857803 
.858069 
.858336 
.858602 

9.858868 
.859134 
.859400 
.859666 
.859932 
.860198 
.860404 
.860730 
.860995 

9.861261 


D.  r. 


4.48 
4.47 
4.48 


48 
47 
48 
48 
47 
47 
,48 
47 


47 
47 
48 
47 
47 
4.47 
4.45 
4.47 
4.47 
4.47 

4.47 
4.45 
4.47 
4.45 


.47 
45 
45 
.47 
46 
45 


4. 
4. 
4. 
4. 
4. 


.45 
.45 
.45 
.45 
.46 
4.46 
4.45 
4.45 
4.45 
4.43 

4.45 


.43 
.45 
.43 
.45 
.43 
.43 
.45 
4.43 
4.43 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


4.43 


.43 
43 
43 
43 
43 
43 
42 


4.43 


'  Cosine.  ,  D.  1'.  .i  Sine.  |  D.  1'.  -a   Cotang.  |  D.  1'. 


754 


Cotang. 

/ 

10.154778 

60 

.154504 

50 

.151236 

58 

.153967 

57 

.158696 

56 

.153430 

65 

.158161 

54 

.152892 

53 

.152624 

52 

.152356 

51 

.152087 

50 

10.151819 

49 

.151551 

48 

.151283 

47 

.151014 

46 

.150746 

45 

.1SM7S 

44 

.150210 

43 

.149943 

42 

.1^675 

41 

.14»ia7 

40 

10.149139 

30 

.1488n 

88 

.148604 

87 

.14K886 

86 

.148069 

85 

.147801 

84 

.147534 

88 

.147267 

8S 

.146999 

81 

.146732 

80 

10.146465 

20 

.146198 

28 

.145031 

27 

.145664 

26 

.145397 

25 

.145130 

24 

.144863 

28 

.144596 

22 

.144329 

21 

.144062 

20 

10.143796 

10 

.143529 

18 

.143263 

17 

.142996 

16 

.142730 

15 

.142463 

14 

.142197 

18 

.141931 

12 

.141664 

11 

.141396 

10 

10.141132 

0 

.140666 

8 

.140600 

7 

.140334 

6 

.140068 

5 

.139602 

4 

.139536 

8 

.13927t) 

2 

.139005 

1 

10.138730 

0 

Tang. 
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M* 


COSINES,  TANGENTS,  AND  COTANGENTS. 


0 

1 

2 
8 

4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
82 
83 
84 
85 
36 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 

52 

')3 

4 

5 

6 


Sine. 


9.769219 
.769893 
.769566 
.769740 
.769913 
.770087 
.770260 
.7704*3 
.770606 
.rr0779 
.770952 

9.771125 

.771298 
.771470 
.771643 
.771815 
.771987 
.772159 
.772331 
.772503 
.772675 

9.772847 
.773018 
.773190 
.773361 
.773533 
.773704 
.773875 
.774046 
.774217 
.774388 

9.774558 
.774729 
.774899 
.775070 
.775240 
.';75410 
.775580 
.775750 
.775920 
.776090 

9.776259 
.776429 
.776598 
.776768 
.776937 
.777106 
.777275 
.777444 
.777613 
'7781 


,777 


9.777950 
.778119 
.778287 
.77^55 
.778624 
.778792 
.7789(30 
.779128 
.779295 

9.779463 


Cosine. 


D.  1'. 


2.90 
2.88 


90 
88 
90 
88 
2.88 
2.88 
2.88 
2.88 
2.88 

2.88 
2.87 
2.88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 

2.85 

2.87 
2.85 
2.87 
2.85 
2.85 
2.85 
2.85 
2.85 
2.83 

2.85 
2.83 
2.85 
2.83 
.83 
.83 
.83 
.83 
2.83 
2.82 

2.83 
2.82 
2.83 
2.82 
2.82 
2.82 
2.82 
2.82 
2.80 
2.82 

2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
2.80 
2.78 
2.80 


2. 
2. 
2. 
2. 


Codne. 


D.  r.  I 


9.907958 
.907866 
.907774 
.907682 
.907690 
.907498 
.907406 
.907314 
.907222 
.907129 
.907087 

9.906945 
.906852 
.906760 
.906667 
.906575 
.906482 
.906889 
.906296 
.906^04 
.906111 

9.906018 
.905925 
.905832 
.905739 
.905645 
.905552 
.905459 
.905366 
.905272 
.905179 

9.905085 
.904992 
.904898 
.904804 
.904711 
.904617 
.904523 
.904429 
.904835 
.9042^1 

9.904147 
.904053 
.903959 
.903864 
.903770 
.903676 
.903581 
.903487 
.903392 
.903298 

9.903203 
.903108 
.903014 
.902919 
.902824 
.902729 
.902634 
.902539 
.902444 

9.902349 


Sine. 


D.  r. 


1.53 
1.58 
1.58 
1.53 
1.58 
1.58 
1.58 
1.63 
1.55 
1.68 
1.58 

1.55 
1.63 
1.65 
1.68 
1.55 
1.56 
1.55 
1.63 
1.65 
1.66 

1.85 
1.55 
1.55 
1.67 
1.55 
1.66 
1.65 
1.67 
1.55 
1.67 

1.65 
1.57 


1, 
1 
1 
1 


57 
55 
57 
57 


1.57 
1.57 
1.57 
1.57 

1.57 

1 

1 


57 
58 
1.57 
1.57 
58 
57 
58 
57 


1.58 

1.58 
1.57 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 


D.  1'. 


Tang. 


9.861261 
.861627 
.861792 
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2.52 
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2.52 
2.50 


2. 
2. 
2. 
2. 
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.916619 
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.917134 
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'  I  CosiDe.  I  D.  1".  1 1     Sine.     I  D.  1'.   1:  Cotang.  I  D.  1'. 
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10.091631  60 
.091872  69 
.091114 
.090666 
.090606 
.090840 
.090062 
.060628 
.069666 
.089807 
.069049 


10.068791 
.066633 
.068275 
.066018 
.087760 
.067502 
.067244 
.066966 
.066729 
.066471 


.064668 
.064410 
.064168 
.068896 

10.068638 
.063881 
.068128 
.062866 
.062609 
.063352 
.062094 
.061887 
.061580 
.061323 


10.061066  10 
.060600  18 
.060652  17 
.060296  16 
.060088  15 
.079781  14 
.079624  13 
.079267  ;  12 
.079010  I  11 
.078753  10 


10.078497 
.078210 
.077983 
.077;^ 
.077470 
.077313 
.076966 
.076700 
.076443 
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55 
54 
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63 
51 
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49 
48 
47 
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45 
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43 
41 
40 


10.086218 
.066056 
.066696 
.066440  86 
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Sine,' 


9.815611 
.825651 
.825791 
.836031 
.826071 
.896211 
.826851 
.826491 
.826691 
.826770 


0.827040 
.8S7189 
.8873^ 
.887467 
.897606 
.827745 
.897884 
.898028 
.828162 
.828801 

9.828439 
.828578 
.828716 
.828855 
.828993 
.829131 
.629269 
.829407 
.829545 
.829683 

0.829621 
.829959 
.830097 
.830234 
.830872 
.830509 
.830646 
.830784 
.830921 
.831058 

9.831195 
.831832 
.831469 
.831606 
.831742 
.831879 
.832015 
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.832833 
.832969 
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.833241 
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.883648 

9.833788 


D.r. 


2.83 
2.83 
2.38 
2.83 
2.38 
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2.82 
2.32 
2.82 
2.30 


2.82 
2.30 
.32 
.30 
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2.28 

2.28 
2.28 
2.28 
2.27 
2.28 
2.27 
2.28 
2.27 
2.28 
2.87 

8.87 
8.87 
8.87 
8.27 
8.87 
8.87 
8.85 
2.27 
2.85 


Cosiue.  I  D.  1*. 


Cosine. 


9.871078 
.870960 
.870846 
.870738 
.870618 
.870504 
.870890 
.870276 
.870161 
.870047 
.869933 

9.869818 
.869704 
.869589 
.869474 
.869360 
.869845 
.869130 
.869015 
.868900 
.868785 

9.868670 
.868655 
.868440 
.868324 
.868809 
.868093 
.867978 
.8678G8 
.867747 
.867631 

9.867515 
.867399 
.867888 
.867167 
.867051 
.866935 
.866819 
.866703 
.866586 
.866470 

9.866353 
.866237 
.866120 
.866004 
.865887 
.865770 
.865653 
.865536 
.865419 
.865302 

9.865185 
.865068 
.8649.V 
.8648.% 
.864716 
.864598 
.864481 
.864363 
.864:^5 

9.864127 


D.r. 


1.88 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.92 
1.90 
1.90 
1.98 

1.90 
1.92 
1.92 
1.90 
1.92 
1.92 
1.92 
1.92 
1.92 
1.92 

1.92 


1, 

1. 

1 

1 

1 


.92 
.93 
.92 
.93 
.92 
1.93 
1.92 
1.93 
1.93 

1.93 
1.93 
1.93 
1.93 


93 
93 
93 
95 
93 
95 


1.93 
1.95 


.93 
.95 
.95 
.95 
.95 
.95 
1.95 
1.95 


1. 

1. 

1. 

1. 

1 

1. 


1.95 
1.97 
1.95 
1.95 
1.97 
1.95 
1.97 
1.97 
1.97 


Tang. 


9.954437 
.954691 
.954946 
.955800 
.955454 
.955708 
.955961 
.956815 
.956469 
.956723 
.956977 

9.957831 
.957485 
.957739 
.957993 
.958^7 
.958500 
.958754 
.959008 
.959262 
.959516 

9.959769 
.960023 
.960277 
.960630 
.9607W 
.961038 
.961898 
.961545 
.961799 
.968058 

9.962306 
.962560 
.962813 
.963067 
.963820 
.963674 
.963828 
.964081 
.964335 
.964588 

9.964842 
.965095 
.965349 
.965602 
.965855 
.966109 
.966362 
.966616 
.966809 
.967123 

9.967376 
.967629 
.967883 
.908136 
.968389 
.968643 
.968890 
.969140 
.969403 

9.969656 


Sine.  I  D.  1".  II  Cotang. 


D.  r. 


4.23 
4.25 
4.23 


.23 
.23 

!23 
.23 
4.23 
4.23 
4.23 


4. 
4. 
4. 
4. 
4. 


4.23 
4.23 
4.23 
4.23 
4.22 
4.83 
4.23 
4.23 
4.23 
4.82 

4.83 
4.83 
4.82 


4. 
4. 
4. 
4 
4 
4. 
4. 


23 
23 
23 
22 
23 
22 
23 


4.23 
4.28 
4.23 
4.22 
4.23 
4.23 
4.22 
4.23 
4.22 
•4.23 


4. 
4. 
4. 
4. 
4. 
4. 


.28 
.23 
.22 
.88 
.83 
.88 
4.83 
4.88 
4.83 
4.88 

4.28 
4.83 
4.88 
4.28 
4.83 
4.88 
4.88 
4.23 
4.88 


D.  r. 


Ckytatt^. 


10.045568 
.045309 
.045054 
.044800 
.044546 
.044898 
.044039 
.043785 
.043531 
.043277 
.043023 

10.042769 
.048515 
.042861 
.042007 
.041753 
.041500 
.041846 
.040992 
.040738 
.040484 

10.(^0831 
.039977 
.039723 
.039470 
.039216 
.088968 
.038708 
.038455 
.038201 
.0b7948 

10.037694 
.037440 
.037187 
.036933 
.036680 
.036426 
.036172 
.035919 
.035665 
.035418 

10.035158 
.034905 
.034651 
.034398 
.034145 
.033891 
.033638 
.033384 
.033131 
.032877 

10.032684 
.032371 
.032117 
.031864 
.031611 
.08ia57 
.031104 
.030851 
.030597 

10.080344 


Tang. 


00 

59 
58 
67 
56 
55 
54 
63 
52 
51 
60 

49 
48 
47 
46 
45 
44 
48 
48 
41 
40 

80 
38 
37 
36 
85 
84 
83 
32 
81 
30 

29 
88 
27 
86 
85 
84 
83 
82 
81 
80 

19 
18 
17 
16 
15 
14 
13 
18 
11 
10 

0 
8 
7 
6 
6 
4 
3 
8 
1 
0 
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IS  I 


11 

i 


«•        COSINES,  TANGENTS,  AND  COTANGENTS.       18S* 
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INDEX 
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PAGE 

Abbreviations  in  leveling  notes  237 

Aberration,  Chromatic 549 

Spherical 549,  553 

Abutment,  to  give  lines  for. ...   214 

Accessories  for  plane  table 577 

Accidental  errors,  definition  of      10 

reduction  of 12 

Accuracy  in    office  computa- 
tions       370 

in  surveying,  limits  of  error       7 

Achromatic  Lens 549 

Adjustment,  peg,  three 

methods 597 

Adjustments,  angles 389 

compass 602 

dumpy  level 600 

eyepiece 601 

instruments 581 

(also  see  Transit,  Level,  Compass, 
Wye-level,  Plane-table.) 
general  suggestions  for ....   581 
method  of  reversion,  prin- 
ciple of 583 

need  of 581 

measurement 13 

object  glass  slide 602 

plane  table . .  603 

sextant 604 

wye-!evel 692 

A^nic  line Ill 

m  the  United  States 543 

Akney  hand-level 671 

Alidade 318 

plane  table 576 

transit 563 

AHgnmant  error  in  chaining .. .     41 

Almanac,  nautical 622 

Altitudes,  dictionary  of 53 

American  Ephemens 622 

Aneroid  barometer 264 

Angles,accuracy  in  measurement  101 

adjustment  of 389 

m  trian^lation 199 

algebraic  signs  of 375,  378 

application  of  method    of 

least  squares 19 

between  two  lines  calculated 

from  bearings 382 

common  mistakes  in  reading     97 
comparison    of    methods    of 

measuring 101 

constructing  with  triangles. .   439 


Angles  (^continued)  page 

deflection 117 

calculation  of  bearings. . . .   382 

measuring 98 

method  of  running  transit 

lines 120 

numbering  limb,  quadrant 

method .' 75 

use  in  plotting  traverses 

466,  493 
direct,    use  in  plotting  tra- 
verses  464,  493 

determined  for  office  compu- 
tations    375 

doubling 100 

errors  in  measuring 104 

exterior  for  transit  lines 118 

fence  comer,  how  to  measure  202 
five  methods  of  plotting 455 

general  methods  of  reading. .    68 
orizontal,    accuracy    in 

measurement 99 

explanation  of 2 

how  to  turn  off .     99 

measuring,  accuracy  in ... .     99 

methods  of 93 

sextant  method  of 578 

sources  of  error  in 96 

suggestions  for 95 

three  steps  in 563 

reading  to  contour  points..  343 
Angles,  interior  for  transit  lines  118 
interior  of  polygon,  rules  for 

adding     119 

intersection  of  curves 204 

keeping  track  of  by  watches    203 

lajdng  off  accurately ».   218 

by  repetition 101 

measurements  in  stadia 

surveying 309 

measuring 218 

by  repetition 99 

by  series 100 

by  tape 64 

method  of      intersection     in 

locating  points 137 

methods  of  plotting 469 

comparison  of 461 

five  methods 455 

plotting,  methods  of 455 

cosine  and  sine  method .   459 
latitude    and    departure 
method 461 
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Angli'IS,  plotting  (conlinued)      page 

by  protractor 455 

by  three-point  problem . . .   462 

reading 67 

check  by  estimating 71 

general  methods  of 68 
orizontal  angles    to    con- 

^  tour  points 343 

either  direction   from  one 

row  of  numerals 73 

natural  mistakes  in 71 

relative  importance    of 

limb  and  vernier 68 

suggestions  for 96 

wrong  row  of  numerals. ...     71 

reading  the  limb 68 

common  mistakes  in 69 

methods  illustrated 69 

right    or    left,    for    transit 

lines 118 

several     taken     from     same 

backsight 94 

taken  ri^t  or  left 94 

transit  Ime 117 

use  of,  in  locating  objects. . .    134 
in  running  transit  lines. ...  120 

vertical,  explanation  of 2 

measuring 98 

with  sextant 679 

reading  to  contour  points.   343 

Angle  target 572 

Angular  distances,   conversion 

to  bearings 378 

definition  of. 378 

Angular  errors — (see  Errors  in  angu- 
lar measurements). 
Angular  measurements,  adjust- 
ing  478 

correcting 478 

Angular  units  of  measurement       3 
Annual  variation  of  magnetic 

needle 543 

Appreciable  error 13 

Arc  of  earth's  surface,  length  of, 

compared  with  straight  line.       2 
Architect,  data  furnished  to,  by 

en^neer 212 

Architect,  suryey  for 211 

Architect's  level 571 

Architect's  scales  for  maps. . . .  489 

Astronomical  trians^e 620 

Attachment,  solar,  for  transit..  627 

Automatic  leveling-rod 572 

Auxiliary  telescope  for  transit.  566 

Area  of  land 407 

methods  of  finding 408 

units  of •   407 

Areas,    between   tangents    »*»<*  ^^« 

curves 4w 

calculating J 

computation  of .......  • J 

different  methods  of 418 

comparison  of Jj* 

form  for J*X 

formula  for..... JdU 

Francke's  rule  for 41-i 


ABEAS.oomputation  of  (om/'cO  page 
method  from  coordinates, 

rules  for , .   418 

from  curved  boundaries.  412 
from     double     latitudes 
and     longitudes,     ex- 
ample    417 

from  latitudes  and  longi- 
tudes, general  method  414 
from  latitudes  and  longi- 
tudes, rules  for 416 

from  latitudes  and 

double  longitudes 413 

from  map 408 

from  offsets 411 

from     offsets,    irregular 

intervals 412 

by  planimeter 408 

from  square  feet 416 

Poncelet's  rule  for 412 

trapezoidal  rule  for 411 

trigonometric     formulas 

for 407 

geonietrical  figures 407 

metric  system  of,  and  £ng- 

^  lish  equivalents 407 

Axis  of  bubble  tube 544 

of  earth,  lengrth  of 1 

of  lens,  principal     546 

secondary 547 

of  transit,  supporting 563 

Azimuth  and  altitude,  revers- 
ing transit  in 92 

Azimuth,     checking    by    mag- 
netic needle 124 

confutations  of  latitude  and 

departures 387 

defimtion  of 114 

facts  to  remember  about 115 

forward  and  back. 115 

methods  of  running  transit 

lines 120 

of     Polaris     at     elongation, 

table  of 646 

of  sun,  formulas  for 626 

use  of,  in  locating  objects. . .    134 
in  plotting  traverses. . .  471 ,  493 

Backsight  in  leveling 237 

jength  of 251 

in  measuring  angles 90 

Balancing  a  survej^ 395 

Balancing-in  transit 201 

Baltimore    survey,    scale   used 

in  plotting  map 489 

Band  tape 560 

Barber,  paper  on  determining 

a  meridian 632,  634 

Barometric  formulas 246 

tables 642 

Barometer,  aneroid 264 

effect  of  atmospheric  changes  245 

effect  of  temperature 246 

errors  in  leveling 265 

rate  of  change  for  different 
elevations 245 
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Babometrr  {continued)  page 

reading  at  sea-ievel 245 

Barometric  leveling 245 

field  work 265 

limits  of  error 267 

sources  of  error 265 

use  of  tables 266 

Base-line,  choosing  location  in 

triangulation 193 

eompensatinfj^  apparatus 

for  measuring 194 

contact  apparatus  for  meas- 
uring     194 

•  how  to  measure 57 

locating  bridge  piers 216 

optical  apparatus  for  meas- 
uring     194 

probable   error   in    measure- 
ment      58 

Batter  boards,"  use  of 208 

in  giving  lines  for  abutment.    215 

in  retaining  wall 213 

Bearing  of  a  line,  explanation 

of Ill 

Bearings    and    Azimuths,    de- 
fined^     Ill 

Bearings,  algebraic  signs  of . .  .  .   378 

calculating  angles  from 382 

calculation  of.  ..6,  113,  378,  479 

check 380 

from  deflection  angles 382 

examples  in 381 

forms  for 391 

important  distinction 380 

rules  for 379 

for  transit  lines 381 

conversion    to    angular    dis- 
tance    379 

determined  from  Polaris ....   389 
difference  between 

true  and  magnetic 112 

forward  and  back 112 

forward  and  back  bearings.  .    112 

kept  in  a  survey 113 

magnetic 112 

plotting,  modified  methods.  .    469 

precautions  in  reading 103 

reading 101 

things  to  remember  about..  .    113 

traverse  lines 382 

to    (Change    by    the    same 

amount 382 

true 112 

use  of,  in   plotting  traverses 

467,  493 
in  running  transit  lines. ...    126 
Bench-marks,   assuming  eleva- 
tion of 235 

city 253 

definition  of 235 

establishing 253 

permanent 253 

system  for  city 235 

temporary 253 

what  to  use 253 

.    where  to  establish 253 


PAGE 

Blue  printing,  directions  for. . .   463 

time  of  exposure 453 

Blueprint  cloth,  how  to  prepare  454 

paper,  how  to  prepare 454 

Blueprints,  making  corrections 

on 453 

paper  for     485 

Board,  plane  table 576 

adjustment  of 604 

Books  on  magnetic  declination  541 

on  lettering 508 

Border  lines  for  maps 523 

Borrow-pits 287 

Boston  leveling-rod 232 

waterworks,  permanent  stand- ' 

ard  for  tapes 562 

Boundaries,  method  of  locating  141 

monuments  for 211 

Boundary  lines,  omitted,  com- 
putations for 405 

reierencing 211 

Boundary  survey,  illustrations 

of 176 

Bow-compasses,  use  of 442 

Bread,  use  for  cleaning  drawings  448 

Bridge  piers,  to  locate 215 

Bristol  board  protractor 456 

Brown  solar  paper,  directions 

for  use 454 

Brush,  camel's  hair 450 

Bubble    tube,      dumpy     level, 

adjustment  of 601 

wye-level,  adjustment  of  594 
Buildings,  how  to  stake  out . .  .  209 
Burt's  solar  attachment 629 

Calculated  bearings. 113 

checks  for  deflection  angles.    155 

Calculation  of  areas 407 

Calculating  earthwork  by  meth- 
od of  unit  areas 429 

Camel's  hair  brush 450 

Capital    letters,    directions    for 

making 28 

Gothic 511 

study  of 511 

Carbon  paper,  use  in  keeping 

notes 175 

Care  of  instruments;  see  Tapes, 

Transit,  Level,   etc 

Cassiopeiae,  relation  to  Polaris.   358 

Celestial  equator 621 

pole 354,  620 

Celluloid   sheets,   use   in   topo- 
graphic surveying 348 

Centering  the  eyepiece 601 

Centers,  care  of 618 

fretting  of 619 

Certificate,  surveyor's 503 

Chaining  (also    see  Tape    and 

Steel  tape) 31 

accuracy  in 45 

across  a  river,  method  of . . . .      6f> 
allowable     discrepancies     in, 
comparison  of  tables 50 
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Chaining  {continued)      ^       ^   page 
allowable    discrepancies    in, 

table  of 49 

base    line,    practical   sugges- 
tions   68 

between      two     inaccessible 

points 65 

between    two   non-intervisa- 

ble  points 55 

building    intervening,    prob- 
lem;   method 64 

care  of  steel  tape. . . ._ 31 

coefficients  of  precision 46 

combining  errors 52 

end   graduation  of  tape ....  35 

errors  in 37 

in  alignment 41 

formulas  for  probable ....  45 

limits  of 44,  46 

in  marking  tape  lengths. . .  42 
probable,  for  lines  of  differ- 
ent lengths 45 

in  measuring  base  line. .  58 

in  reading  the  tape 42 

relative  importance  of . . . .  43 

sag  of  tape 41 

sources  of 39 

summary  of  sources  of. ...  43 
table  of,  corresponding  to 

ratios  of  precision 61 

uneven  pull  of  tape 42 

general  method  of 33 

handling  of  tape 31 

how  to  obtain  precision 63 

■  importance  of 31 

i'udging  accuracy 45 

imits  of  precision,  ratio  for.  47 

requirements  of 51 

locating  details 56 

making  a  chain  survey 56 

measurements,  base  line. ...  57 

greater    than   tape   length  34 

height  of  inaccessible 

point 65 

less  than  tape  length 34 

methods  used  on  a  slope. ...  35 

obstacles 54 

precautions  to  insure  accuracy  36 

necessary 35 

over  a  high  wall 54 

precision,  limits  of. 47,  51 

probable  error  in  measuring 

base  line 58 

problems 60 

prolonging    straight    line 

through  obstacles 66 

ratio  for  limits  of  precision. .  47 
reducing    inclined    to    hori- 
zontal distances 36 

referencing  a  point 54 

requirements  of  limits  of 

precision 51 

setting  the  chaining  pins.. . .  35 

slope,  methods  of 35 

with  tape  horizontal 36 

sources  of  errors 39 


Chaining  {continued)  faob 

special    work ■....,.     54 

table  of  errors    corres{K>nd- 

ing  to  ratios  of  precision. .     51 
what  a  chainman  should  do.     37 

woods  intervening. ..^ 54 

Chaining  pins,  how  to  set 35 

Chainman,  lining  in..........     41 

what  he  should  do 37 

what  he  should  not  do 38 

Chains 559 

comparison  with  tape 33 

how  to  read 33 

to  do  up  and  imdo 32 

unit  of  measurement,  equiva- 
lents; basis  of  unit 3 

Chain  survey,  general  method  .     56 

house  and  lot 56 

Chain  tape 560 

Changing  decimal  a  foot  to 

inches 3 

Chart,  isogonic 543 

Checking  level  notes,  rules  for  242 

Checking  work 12 

Check  for  closed  polygon,  by 

bearings 127 

for  interior  angles  of  polygon  119 

on  transit  line  angles 119 

Checks  used  in  plotting 494 

Chinese  ink 447 

Chord  method  of  erecting  per- 
pendiculars   461 

of  measuring  angles -63 

of  plotting  angles 459 

bearings 469 

traverses 484 

Chromatic  aberration 549 

Circle,  area  of 4, .   407 

geometrical  properties 205 

Circular  bubbles 545 

City  survey,  illustrations 188 

Clamps,  use  of  upper  and  lower, 

on  transit 91 

Classes  of  errors 9 

Class   worth    in    making  field 

notes,  directions 30 

Cleaning    Instruments  (see   Tapes, 
Tansit,  Level,  etc.). 

Cleaning  maps 527 

Clinometer 671 

Coefficient    of  expansion  steel 

tape 40 

Coefficients  of  precision,  how  to 

determine : 46 

table  of 49 

CoUimation,  line  of 553 

Colored  inks,  printing  values  on 

tracings 507 

Combination  method    of  keep- 
ing notes 177,  180,  184 

Compass,  adjustments  of 602 

adjustment  of  level 602 

needle. 603 

pivot  point 603 

sights 602 

advantages  of 293 
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Compass  {continued)  page 

arrangement  of  letting 120 

centering  pivot  point  of 603 

declination  arc,  use  of 295 

disadvantages  of 293 

duplicate  readings 295 

how  to  read 101 

leveling-up 294 

passing  an  obstruction 295 

plain  compass 575 

precautions  in  reading  bear- 
ings   103 

prismatic  compass 576 

protecting  pivot 294 

reading  needle 294 

remagnetizing  the  needle  . . .  295 

requirements  for 275 

running  through  a  wood  ....  293 

solar  compass 576 

sources  of  loc&l  attraction. . .  294 

special  forms  of 575 

surveyor's  compass 575 

tests  for 576 

use  of 294 

vernier  compass 576 

Compasses,  drawing,  adjusting.  442 

use  of 442 

Compass-Needle  for  transit  ....  567 
(See  also  Magnetic  needle.) 

Compass  surveying 293 

boundary  disputes 299 

Declination  Tables,  by  T.  J. 

Bauer 299 

field  notes,  forms  for 297 

f general  method 293,  295 

imits  of  preciHion 298 

local  attraction,  detection 

and  elimination 296 

Manual  of,  by  F.H.  Hodgman  299 

metho<l  of  locating  details. . .  296 

metho<l  of  r)rocedure 298 

rerunning  ridge  surveys 298 

sources  of  error 298 

where  to  run  the  lines 295 

Compensating  errors 11 

Computations  for  triangulation, 

forms  for 399 

Computing  in  relation  to  office 

work 5 

Computing    machines  in  office 

work 377 

Conjugate  foci  of  lens 547 

Consistent  accuracy  in  surveying      7 

Constant  errors,  definition  of. .  10 

elimination  of 12 

Contour,  definition  of 337 

Contour  intervals,  choosing  , . ,  .344 

lines,  inking  and  marking.. . .  518 

points,  elevation  of 343 

Contours,  interpolating 497 

locating  with  hand-level  ....  233 

use  in  plotting  profiles 533 

Conventional  signs  for  maps. . .  519 

tints  for  maps 523 

Coordinate   method  of  finding 

areas 418 


PAGE 

Copying  maps 500 

Correction  coefficients  to  bare- 

metic  elevations 643 

Corrections  for  declination  ....  637 

for  slopes  in  chaining. ......      3f 

Cosine  and  sine  method  of  plot- 
ting angles 459 

Cosines,  logarithmic,  table  of.    718 

natural,  table  of 662 

Cotangents,  logarithmic,  table 

of. 718 

natural,  table  of 672 

Cover,    waterproof,    for    plane 

table 577 

Cross   hairs   of   telescope   (also 

see  Hpider-webs) 550 

adjustment  of 586 

broken,  to  place ^16 

dumpy  level,  adjustment  of.  601 

illuminating 357 

removing  dust  from  . . .  .614,  617 
wye-level,  adjustment  of . . . .   593 

Cross  levels 243 

Crown  glass  lens 549 

Cube  roots,  table  of 683 

Cubes,  table  of 683 

Cumulative  errors 11 

Curb,  to  set  grade  stakes  for. . .   282 
Curvature  of  the  earth,  formu- 
la for 2 

Curved  ruler,  use  of 442 

Curves,  degree  of,  definition. , ,   282 

field  work  of  running  in 206 

flexible  rulers  for 443 

formula^  for 205 

geometrical  principles  of . . . .   204 

mking 447 

laying   out  by  offsets  from 

chords  produced 207 

long  chord 208 

by  tangent  offsets 207 

with  tape 207 

length'of.  definition  of 205 

picking  up  a  tangent 206 

vertical ; 282 

staking  out 289 

Cut  and  till 428 

estimates  of 432 

estimates  for  grading 287 

estimating  from  contour  map  4.S5 
(IJyclotomic  transit 564 

Daily  path  of  sun 622 

Datum,  definition  of 234 

line 234 

plane 234 

Decimals  of  a  foot,   changing 

to  inches 3 

for  each  32nd  of  inch 650 

Declination,  algebraic  signs  ...  621 

correction  for 636 

correction  for  change 636 

magnetic Ill 

of  magnetic  needle 542 

the  sun's 621,  622 
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Declination  arc  of  compass. . . .  295 

Declinator  for  plane  table 577 

Defects  of  telescopes 553 

Definition  of  telescope 553 

tests  for 556 

DefleetiOb  angles,  (see  also  An- 
gles, deflection), 
check  for  calculated  bearings  155 

curves 204 

definition  of 117 

explanation  of 98 

measuring 100 

Detachable  leaves  for  field  note- 
books  , 175 

Determination  of 

elevation  of  points 5 

latitude 632 

meridian 354 

by  direct  observation  on 

sun,  disadvantages 637 

by  double  altitude  method  632 
paper  on,  by  A.  W.  Bar- 
ber  632 

with  solar  attachment. . . .   630 

by  solar  observation 620 

by  sun's  altitude.   .......  624 

forms  for  computation. .   627 
method  of  procedure  for 

computation 625 

method  of  precedure  for 

observation 624 

modified  method  of  ob- 
servation     625 

from  sun  at  noon 632 

probable  errors 17 

sea  level 1 

Diagonal  eyepiece  for  transit. .   566 

Diamond  targets 572 

Dictionary  of  altitudes 253 

Differential  leveling,  definition 

of 242 

field  work 250 

forms  of  notes 241 

Difference     in     elevation     ex- 
plained         2 

Dimension  lines  of  maps 507 

Dip  of  the  magnetic  needle ....   541 
Direct  angles,  (see  Angles  direct). 

Direct  vernier 540 

Discrepancies  in  chaining,   ta- 
bles of 49,  50 

Discrepanev 11 

Distances,  horizontal;   vertical; 

explained 2 

measurements  in  stadia  sur- 
veying     309 

reducing    inclined    to    hori- 
zontal       36 

Distribution  of  errors 14 

Diurnal  variation  of  magnetic 

needle 542 

Dividers,  use  of 441 

Division  in  office  computations  365 

abridRed  methods 366 

rules  for  checking ,      ,    367 
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Double-convex    lenses,    theory 

of 646 

Double  longitude 415 

to  find.   416 

Drafting-room  methods 444 

Drawing,  books  on 438 

in  relation  to  office  work. ...       5 

Drawings,  two  kinds  of 361 

Dumpy  level 570 

adjustments  of 600 

bubble-tube 601 

cross-hairs 601 

principal  lines 600 

standards 601 

advantage  of  fixed  tube 601 

value  of  level-bubble  for. . . .  646 

Earth's  axis,  length  of 1 

curvature,  formula  for 2 

surface,  definition  of 1 

Earthwork  computations 428 

books  on 435 

choosing  size  of  unit  squares .   432 

cut  ana  fill,  estimating 432 

estimating    from    contour 

map 435 

running  out  to  zero 432 

end  area  formula 434 

finished  surface,  inclined. . . .  430 

formulas  for,  compared 434 

inclined  surfaces 433 

interpolation    of    elevations, 

graphic  method  of 433 

irregular  areas 431 

method  of  procedure. ........   431 

prismoidal  formula 434 

for  a  continuous  line 435 

three  level  sections 435 

uneven  groimd. ' 432 

unit  triangles,  formula  for. .   432 

use  of  diagram 435 

Eccentricity  of     transit,      test 

for .^ 568 

Elevation,  difference  in 2 

Elevations,     corresponding    to 

barometric  readings,  table  642 
finding      by      trigonometric 

methods 244 

Elimination  of  constant  errors     12 

Ellipse,  area  of 407 

Elongation  of  Polaris,  observ- 
ing    356 

time  of 357 

table  of  times. 646 

Emergency    repairs    for    sheet 

tapes 611 

End  graduation  of  tape 35 

Endless  chain  leveling  rod 572 

•'Engineers'  Surveying  Instru- 
ments," Baker 537 

Engineers'  chain 559 

English  units  and  metric  equiv- 
alents    407 

measure  converted  to  metric 
table 660 
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Equal    altitudes;    methods   of 

observation 634 

Equipment 8 

for  level  party 248 

Equivalents,  English,  of  metric 

measurements. 407 

metric,  of  English  measure- 
ments   407 

Erasing 447 

shield 448 

on  tracing  cloth 452 

Erecting  eyepiece  of  telescope..  552 

Errors 9 

alignment 41 

angular  measurements 104 

linear     error    correspond- 
ing to  one  inch 105 

relative  importance  of . . . .   104 

sources  of 104 

caused    by    poor    set-up    of 

transit 89 

chaining,  combining 52 

due  to  uneven  pull  of  tape     42 

due  to  sag  of  tape 41 

formulas    for    probable 

errors 46 

limits  of 44,  46 

lines  of  different  lengths. ..     45 

marking  tape  lengths 42 

reading  the  tape 42 

relative  importance  of 

sources 43 

sources  of 39 

summary  of  sources 43 

classes  of 9 

closure 119 

determined    by    latitudes 

and  departures 386 

permissible  in  transit  sur- 
veying, formulas  for 161 

compass   surveying 298 

constant,  elimination  of. ...      12 
explanation  of  classes  of.. ...      10 

expressed  by  a  ratio 39 

index 98 

sextant 606 

instrumental,     customary 

limits  of 108 

elimination  of 106 

natural  sources  of 106 

permissible 109 

m  setting  up  transit 104 

in  sighting ^ 105 

tables   of   permissible,    in 

sum  of  angles 101 

length  of  tape 39 

to  apply  tape  corrections..     40 

leveling 255 

customary  limits 255 

limits  of,  in  chaining 44,  46 

in  leveling 255 

instrumental 108 

in  surveying 7 

in  triangulation 199 

Imear  measurements 39 
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plotting   the   map,    how  to 

run  down 495 

plane  table  surveying 329 

plus  and  minus. ...,.., 9 

prevention   and   elimination 

of 12 

probable,  uses  and  assump- 
tions   16 

relation  to  discrepancv 11 

relative  importance  of 13 

sag  of  tape 41 

sources  of 9 

in  chaining 39 

in  compass  surveying 298 

instrumental 106 

in     measuring     horizontal 

angles 96 

in  stadia  surveying 312 

in  triangulation 191 

stadia    survesdng,    allow- 
able   314 

sources  of 312 

surveying 7 

linuts  of 7 

table  corresponding  to  ratios 

of  precision 51 

tape,  to  apply  correction 40 

not  horizontal 40 

length  of 39 

not  stretched  tight 40 

temperature  of  tape 40 

theory  of 15 

in  transit  surveying 159 

in  triangulation,  limits  of. .  199 

Elstablishing  lines  and  points.. .  5 

points  and  lines  of  reference .  5 
Expansion  coefficient  for  steel 

tape 40 

Eixplanatory     notes     in     field 

notes 21,  23 

on  maps 527 

Eyelet  hole  for  riveting  tape. . .  609 

Eyepiece,  centering 601 

dirt  on 614 

moving  too  freely,  to  stop.. .  616 

sextant 578 

telescope 549 

erecting,  theory  of 552 

non-ereciing 555 

theory  of. 550 

variable  power 555 

Farm  survey 211 

Fence  posts,  where  to  set 202 

Fences  along  streets,   how  to 

set 202 

where  to  set 202 

Field  notes,  capital  letters 28 

definition  of , 20 

directions  for  classwork 30 

explanatory  notes,  object  of.  23 

placing  the  notes 24 

when  needed 24 

final  suggestions 29 

general  sugf^-stions 21 
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height  of  letters 29 

importance  of 20 

lettering 23 

methods  of  keeping 20 

methods  of  working  up 477 

niunerals 27 

numerical  values,  direetions.     22 

recording  measurements 22 

relation  to  general  methods 

of  surveying 5 

sketches,  mrections 23 

spacing  letters 29 

three  parts  of 21 

topographic  surveying 346 

transit  surveying 164 

triangulation 198 

working  up,  preparatory  to 
plotting 477 

Field  note  book 175 

Field  work,  important  questions       6 

primary  operations 5 

routine  in  leveling 250 

transit  surveying 149 

Field  rod 259 

Field  of  telescope,  size  of 554 

tests  for 556 

Filing  system  for  drawings  and 
note   books 528 

Fixed  tube,  dumpy  level,  advan- 
tages of 601 

Finishing   the  map     (e^so  see 

Lettering  the  map) 361 

arrangements  for 503 

arrow  head 507 

border  lines  for 603,  623 

colored  inks 507 

contour  lines 518 

conventional  signs 519 

conventional  tints 623 

dimension  lines 507 

explanatory  notes  on 627 

general    method    of    proce- 

.     dure 503 

giving  the  scale 526 

inking 505,  506 

inking  contour  lines 518 

keys 527 

legends 527 

lettering 505,  507 

marking  contour  lines 518 

meridian  needles 626 

method  of  precedure  in 503 

mistakes  in  drawing  contours  519 

names  of  details  on 505 

names  of  streets  and  streams  505 

outlines,  shading 506 

precedure,  method  of 503 

proper  names 505 

scale  for 526 

section  lining 522 

style  of  lettering 508 

suggastions  for  arangements .   505 

surveyor's  certificate 527 

tinting 622 
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titles 605,  623 

tracings 607 

colored  inks  for -. .  607 

use  of  colored  inks. 607 

water  linings 622 

what    should    appear    on 

maps 608 

Flags,     different     colors,     for 

soimdings 203 

flexible  curves 443 

leveling  rod 6W 

Flint  glass  Ims 649 

Fluid  used  in  spirit-levd ......  644 

Flying  levels 243 

Focal  length  of  lens 647 

Focus  of  lens,  prindpal 646 

Focusing  rack  of  telescope 650 

slides,  care  of , 616 

fretting,  to  stop. .  > 615 

Foot,  decimals  of,  changing  to 

inches 3 

decimals    of,    for  each    32d 

of  an  inch 660 

divisions  of,  used  in  survey- 
ing        3 

Foresight  in  leveling 236 

in  measuring  angles 90 

Foresights,  length  of 261 

permanent 281 

Formation  of  images 648 

Forms  for  calculation  of   bear- 
ings    391 

for  computations,  of  areas. ..  413 
latitudes  and  departures. .  390 

mmdian 627 

omitted  measurements. .. .  405 

plotting  off  land 424,  426 

triangulation 399 

for  notes  in  leveling 239 

for  tabulating  fidd  notes. . . .   169 
latitudes  and  departures . .  394 
Formulas  for  probable  errors . .     17 
Forward  and  back  bearings  of 

aline 112 

Francke's  rule  for  areas 412 

Free  hand  lettering 24 

numerals 27 

Full  circle  system  of  number- 
ing limb 21 

Fundamental  principles  of  sur- 
veying         1 

Gage  line,  definition  of 157 

Gannatt's    dictionary    of    alti- 
tudes    253 

General  methods  of  surveying..       5 
Geometrical  figures,  area  of . . ..  407 

principles  of  curves 204 

properties  of  circles 205 

Geodetic     surveying,     relation 

to  plane  surveying 2 

defined 191 

Gothic  alphabet 508 

Grade,  defined 243 
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1  methods  of  survej'iDS.       6 
{  out  on  plotted  profiles  533 

ent 243 

in«in 260 

tions 428 

od 243 

lata 383 

takes  for  curb 282 

:omark 260 

ration  of  setting 281 

ods  of  setting 258 

it,  how  to  find 428 

iter,  leveling  with 245 

-ansit 566 

;  estimates  for  cut  and 

287 

ted  arcs,  to  clean 612 

tion  of  tape 560 

insit,  tests  for 568 

;  methods  in  office  oom- 

tations 377 

ipper 355 

s  chain 3,  559 

Bvel 570 

ing  contours  with 233 

f 233 

3g  for  topographic  maps  519 

Dwer  telescope 555 

ly,  how  to  stake  out.. . .  212 
ly  survey,  illustration....  184 

eveling  rod 572 

1 621 

1  glass  for  sextant 578 

)tment  of 605 

ital    angles,    measuring 

bh  sextant 578 

Qtal    control,    choosing 

ktions 431 

lods   of  in   topographic 

rveying 431 

atal  measurements;  dis^ 
ices;  angles;  projection; 

plained 2 

atal  plane  defined 1 

Qtal  plates  of  transit. ...     67 

ngle 622 

lot,  how  to  stake  out. . .  210 

lation  of  telescope 554 

,  formation  of  by  lenses.  548 
ion  of  brightness  of  to 

ignifying  power 564 

a  distances  reduced  to 

rizontal ;  table 651 

^ass  for  sextant 578 

stment  of 604 

error 98 

mt,  to  determine 606 

nk,  how  to  mix 447 

,  curves 442 

estions  for 446 

nap 506 

440 
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wide  lines 447 

Inner  spindle  for  transit 563 

Instrumental  errors  in  angular 

measurements 104 

Instrumental  sources  of  errora .       9 
Instruments,  adjustments  of  .6,  681 

care  of 6,  607 

centers,    spindlea    and 

sockets 618 

precautions 607 

things  not  to  do 607 

drawing,  use  of 438 

lubricants  for 611 

study  of 637 

surveying 637 

primary  p«uls  of  (see  also 
Vernier,  Magnetic  needle. 
Level'bubble,  Lens   and 

Telescope) 638 

topographic 346 

Intermediate    stations,    sights 

on 263 

Interpolating  contours,  home- 
made device  for 409 

tracing  cloth  method 497 

Interpolation  of  elevations 483 

Iron  pipes  for  boundaiy  monu^ 

ments 311 

Iron  rod  for  boundary  monu-* 

ments 211 

Irregular   variations    of   mag« 

netic  needle 643 

Isogonic  chart 643,  638 

lines 643 

Jacob's  staff  for  compass 676 

Johnson's  plane  table 677 

Knot,  how  to  tie  sliding  knot.,.    85 

Land    and    buildings    survey, 

illustrations  of 180 

Latitude,  determination  of . . . .  632 
from   obsOTvation  on  Po^ 

laris 633 

from  observation  with 

solar  attachment 633 

from  observation   on  the 

sun 633 

effect  of,  on  azimuth 355 

length  in  feet  of,  for  1  foot..   661 

relation  to  Polaris 356 

Latitude  and  departures 383 

algebraic  signs  for 384 

application  to  polygon 886 

system  of  transit  lines ....  385 

balancing  a  survey 395 

methods  of 395 

suggestions    by    Mr.    E. 

Sherman  Gould 397 

bearings  to  use 387 

checks 389 

complete  example 389 

computing  from  azimuth. . . .  387 
computations,  forms  of.. .  390,  393 
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methods 387 

determining  error  of  closure.  386 

finding,  method  of 387 

rules  f  oiu 384 

forms  for  computations..390,  393 

for  tabulating 394 

methods  of  finding 387 

by  computations 387 

from  traverse  tables 387 

example  of 388 

by  trigonometry 388 

method  of  plotting  angles.  461 
relation    to    bearing    and  - 

length 400 

running  down  mistakes. . .  389 

tabulating 394 

use  in  plotting  traverses. .  493 
Laying    off    measurements    to 

scale 448 

plus  stations 449 

Least  count  of  vernier,  to  deter- 
mine  638.  540 

Least    squares ,    abbreviated 

methods 18 

method  of,  defined 15 

applied  to  angles 19 

Legends  for  maps 527 

Lens,  achromatic 549 

crown  glass 549 

flint  glass 549 

Lenses,  care  of 614 

concavo-convex 549 

different  forms  of 546 

double-convex 546 

haziness  in 614 

plano-convex,  in  eyepiece* 

546.  553 

theory  of 545 

aberration,  chromatic 549 

spherical 549 

application  to  tdescope. . .  550 

conjugate  fod 547 

different  forms  of  lenses. . .   546 

focal  length 547 

formation  of  images 548 

optical  centre 546 

principal  axis 546 

principal  focus 546 

secondary  axis 547 

shape  of  surface 546 

three  general  propositions.  546 

lettering,  books  on 508 

field  notes 23 

freehand 24 

capitals 28 

height  of  letters 29 

spacing    and    compressing 

letters 29 

maps 507 

profiles 534,  535 

Reinhardt's  system 24 

Lettering  the  map 505 

common    defects    in    letter- 
ing   516 
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general  suggestions  for 517 

inking  in  letters 515 

penciling  the  letters. 510 

printing  bearings 517 

printing  linear  xneas  ure- 

ments 517 

printing  values  on  angles. . . .  517 
prominence,  how  to  gain. . . .  518 

proportions  of  letters 510 

sizes  of  letters 509 

spacing 516 

Levd •. 569 

Abney  hand  levd 571 

architect's  level 571 

clinometer 571 

compass,  adjustment  of 602 

delicacy  of 227 

effect  of  temperature  on 227 

hand-level 570 

home-made  levels 571 

Locke's  hand-levd 570 

plane  table,  adjustment  of.. .  604 

precision  level 570 

sensitiveness  required 569 

setting  up 227 

special  forms  of 570 

telescope,  use  of 227 

magnifying  power  of 555 

tests  for  the  levei 571 

use  of 226 

wye-level 569 

Level-bubble 544.  570 

axis  of  the  bubble  defined. . .  544 

circular  bubbles 545 

effect  of  heat  on  tube 544 

fluid  used 544 

plumbing-levds 545 

radius  of  curvature,  formida.  545 
relation     to    magniforjng 

power 545,  555 

repairing 613 

•* reversion"  bubble-tube...  570 
sensitiveness  of   bubble,  to 

test 545 

value    of;    how  expressed. .  544 

for  plate  levds 545 

for  transit 545 

for    wye-level    or    dumpy 

level 545 

tube;  how  graduated 544 

how  ground 544 

to  repair 613 

Level  notes 6 

forms  for 256 

Level  party 248 

equipment  for 248 

Level  surface,  defined 1 

Leveling,  abbreviations  in  notes  237 

accidental  errors 275 

accurate   method   of    proce- 
dure  279 

allowable  error,  formula  for.  276 

assuming  a  datum 250 

average  speed 276 

backsight,  definition  of 236 
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barometric 245t  265 

bench-marks 278 

for  street  railways 280 

bubble  tender 278 

checking  levels 254 

checking  notes,  rules  for 242 

choosing  turning  points 252 

closing  error,  definition  of . . .   275 

coefficient  of  precision 276 

Chicago    Sanitary  Dis- 
trict  276 

Mississippi  River  Commis- 
sion    276 

N.  Y.  Barge  and  Canal  Sur- 
vey   278 

in  railway  location 276 

U.  S.  Geological  Survey. . .  276 
comparison    of    target    and 

direct  readings 271 

of  turning  points  and  inter- 
mediate stations 239 

constant    errors,  how  dim!- 

nated 274 

correction    for       assumed 

bench-mark 250 

for     combined     curvature 
and  refraction,  table  for  273 

for  refraction 273 

table  for 273 

curb,    setting    grade    stakes 

for 282 

customary    limits    of 

error 275 

cut  and  fill 287 

datum  250 

definition  of 234 

differential,  field  routine. . . .   250 
directions  for, summary 

of 260 

discrepancy  per  mile 276 

India 276 

Switzerland 276 

duplicate  lines 278 

elimination  of  errors 274 

equal    foresights   and   back- 
sights    278 

errors 267 

accidental 275 

accumulation    of    dirt . . .   270 

adjustments 268 

allowable,  formula  for....  276 
change  in  length   of  level 

rod 272 

change  in  position  of  transit  271 

closing,  definition  of 275 

formula  for 255 

computing 274 

constant,  how  eliminated.  274 
curvature  and  refraction  273 
defect  of  joint  in  rod...  269 
displacement  of  bubble. . .  269 

disturbing  of  levol 272 

effect     of    sun    and 

wind 272 

dimination  of 274 
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feet    corresponding  to  dif- 
ferent   displacements  of 

bubble 264 

imperfect  adjustment....  268 

instnmiental „ 268 

limits  of 275 

lining  of  level  rod 270 

movement  of  object^lass 

slide 268 

natural  causes . . . .- 272 

permissible,  table  of 277 

personal 274 

probable,  in  sighting  the 

target 271 

reading  rod  directly 271 

rod  graduation 269/ 

settling  of    instrument . . .  271/ 
settling  of  a  turning  point .  272 

sighting,  causes  of 270 

sluggish  bubble 268 

sources  of 268 

essential  steps  in 235 

establishing  points  at  given 

elevations 243 

field  notes 258 

field  work 248 

routine  of 250 

first  things  to  know 249 

foresight,  definition  of 236 

permanent 281 

forms  of  notes 239 

formulas  for 237 

for  allowable  error 276 

for  errors  of  closure 255 

grade  rod  method 282 

grades  for  pavements 282 

shooting 281,  283 

grade  pole  for  sewers 283 

grade  stakes,  setting, 

258,  281,  287 
grade    work,       instructions 

for 277 

gradienter 245 

height  of  instnmient,  defini- 
tion of 236 

how  close  to  check 254 

illustration  of 238 

instnmient,  height  of 236 

instrumental  errors 268 

instructions  for  grade  work. .  277 
intermediate     stations      de- 
fined  238 

judging    precision,    method 

of 275. 

limits  of  errors 275 

line  of  shafting 287 

measurements,     parallel     to 

sewer 284 

methods  of  procedure 279 

reading  a  rod 249 

topographic  surveying. . . .  343 

minus  and  plus  sights 237 

mirrors ,  use  of 275 

mistakes,  how  to  avoid 274 

in  manipulating  the  level..  269 
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in  recording 274 

in  aetUns  up 251 

notes  for  sewer 284 

notes,  rules  for  checking.. . . .  242 

numbering  stations 254 

one-piece    rod,    advantages 

of 275 

parements,  grades  for 282 

p^manent  foresight 281 

personal  errors 274 

plane  of  sight 235 

plumbing  level 278 

plus  and  minus  sights 237 

precision,  methods  of  judg- 
ing   275 

probable  error  of  sighting  the 

target 271 

procedure,  method  of 279 

profile,  field  routine 251 

of  a  street 280 

reading  the  rod,  methods  of  249 

rodmen,  two,  use  of 279 

rubber  band,  use  oi 281 

rules  for  checking  notes 242 

running  in  opposite  direc- 
tions    254 

setting  grade  stakes  258, 280,  287 

for  curb 282 

illustration  of 281 

level  grade 288 

sloping  .grade,  one  direc- 
tion   288 

two  directions 288 

sewer , 283 

grade  pole  for 283 

illustration  of 286 

measurements  parallel  to..  284 

notes  for 284 

shafting,  line  of 287 

shooting  in  a  grade . .  260, 280,  283 
sighting,  causes  of  errors  in  270 
aghting  the  target,  probable 

error  of 271 

signals 248 

special  work  in 280 

speed  in 255,  276 

staking  out  a  vertical  curve..  289 

stations,  defined 235 

intermediate 238 

numbering 264 

starting  point 249 

steel  turning  point 252,  278 

street,  profile  of 280 

suggestions  for 260 

surfaces  above  the  instru- 
ment   237 

table  of  errors  in  feet  corres- 
ponding to  diflferent  dis- 
placements of  bubble 269 

table  of  permissible  errors. ..   277 

theory  of 234,  237 

topographic     surveying, 

methods  used  in 343 

trigonometric 200,  244,  263 

use  of  stadia  method.. 305,  308 


Letelinq  (eorUwued)  page 

turning-points,  choosing 252 

comparison  with  interme- 
diate stations 239 

definition  of 238 

steel 252.  278 

two  essential  steps 235 

use  of  two  rodmen 279 

verticiJ  curve 282 

to  stake  out 289 

vertical  parabola 289 

where  to  set  level 251 

Leveling  rods 671 

advantages    of  one-piece 

rod 275 

angle  target 572 

automatic 572 

check  target 270 

common  mistakes   in   read- 

ing 229,  270 

"danger    points"    in     read- 
ing   270 

devices  for  holding  plumb.. .  270 

diamond  target 672 

endless  chain  rods 572 

orrors  in  jointed  rods 232 

marking  in 232 

attended,  how  to  read 231 

flexible  rods 572 

graduating  upper  half 232 

high  rod,  now  to  use 231 

testing 232 

hinge  rod 572 

holding  plumb,  devices  for. .  270 

importance  of 270 

how  to  hold 572 

how  to  use  high  rod 231 

marking  errors  in 232 

mistakes  in  reading 229,  270 

New  York  rod 571 

Philadelphia  rod 571 

plumbing  level 573 

purpose  of  swaying 270 

quadrant  target 572 

reading 227 

* '  danger  points  "in 270 

mistakes  in 229,  270 

scale  target 572 

selfreading  rods 571 

singlepiece  rod 572 

speaking  rods 571 

special  forms 572 

swaying,  purpose  of 270 

target  rod 571 

targets 572 

angle 572 

check 270 

diamond 572 

quadrant 572 

scale 572 

vernier 572 

tests  for 232 

high  rod 232 

in  sighting 313 

with  tape 232 

vernier  for 640 
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Leveling  rods  (continued)        paok 

vernier  target 672 

when   to    hold   bottom   end 

up 237 

Levelman,  duties  of 263 

equipment  for 248 

Light,  proportion   of,    passing 

tnrough  lens 664 

Limb  graduations  of  transit  . .     67 

Limb  of  transit 663 

reading,  for  angles 68 

methods  illustrated 69 

tommon  mistakes 69 

Lffliits  of  error,  in  angular  meas- 
urements     108 

in  chaining 46,  144 

table   of  permissible    errors.  110 
Limits  of  precision,  expressed 

by  ratio 47 

requirements  of 61 

Linear  measurements,  adjust- 
ing  , 478 

correcting 478 

Linear  units  of  measurement. .       3 

Line,  agonic 643 

Line  of  sight 663 

Line  of  coliimation 663 

Lines,  isogonic 643 

Lining  in 41 

with  transit 91 

Link,  reduction  to  feet 3 

unit  of  measurement;  equiv- 
alents        3 

Little  dipper 355 

Local    attraction    of  magnetic 

needle 543 

Locating,  details 6 

by  angles  and  distances. . .   134 

boundaries 141 

curves  by  angles  and  dis- 

ances 135 

curves  by  offsets 138 

irregular  lines  by  offsets....  138 

methods  of 132 

involving  angular  meas- 
urements     134 

involving    linear    meas- 
urements only 138 

by  oblique  offsets 140 

objects,   by  angles   and   dis- 
tances     134 

by     azimuths    and     dis- 
tances     134 

by  oblique  measurements..  139 

by  offsets 138 

practical  suggestions  for....  168 

rectangular 144 

tie  lines,  use  of,  in 140 

transit  lines 133 

relation  between  angular 
and  linear  measure- 
ments    168 

points,   by   intersecting 

angles 137 

methods  of 4 

three  point  method 138 
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Location  of  Polaris 364 

Locke's  hand  level 670 

Logarithmic     computations, 

forms  for 399 

of    latitudes   and    depart^ 

ures 393 

forms  for 393 

in  office  work 374 

Logarithmic  cosines,  table  of. .  718 

cotangents,  table  of 718 

sines,  table  of 718 

tangents,  table  of 718 

Loganthms,  table  of 700 

Longitude,  converted  to  time, 

table  of 648 

of  a  course 414 

length  in  feet  of,  for  1  foot  ..  661 

Lower  plate  of  transit 563 

Leveling  head  of  transit 563 

Lubricants,  compared 618 

for  instnmients 611 

Machine  shop  practice,  use  of 

surveying  mstruments. ...  212 

Machinery,  how  to  locate 212 

Magnetic  bearing  of  a  line 112 

Magnetic  declination 641 

annual    change    in   varia- 
tion   542 

to  balance 612 

definition  of Ill 

determination  of 360 

tables  of 299 

tables  and  isogonic  charts  for 

1902— Bauer 541 

Magnetic  needle 641 

agonic  line  in  the  U.  S 543 

annual  variation 543 

azimuth,  use  in  checking 124 

dip  of  the  needle 641 

diurnal  variation 542 

irregular  variations 643 

isogonic  lines 543 

local  attraction  of 543 

effect  on  old  survey 543 

common  sources 543 

•'Principal     Facts    Relating 
to     £arth's    Magnetism " 

Bauer 541 

to  remagnetize 613 

requirements  for 576 

secular  variations 641 

to  straighten 603 

table  of  variations 643 

use  in  checking  azimuth 124 

variations  of  declinations. ...  541 

annual 643 

diurnal 542 

irregular 543 

Portland,  Me 542 

San  Francisco,  Cal 642 

secular 641 

table  of 643 

Magnifying  power  of  telescope.  564 

relation  to  levd-bubble 645 
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MAONiFTiNa  power  of  tel-         page 
escope  {cont'd) 

relation  to  vernier 567 

tests  for 557 

Maps,    copying    and    transfer- 

nn^ 500 

finishing  up..... 6,  502 

hatching  for 519 

plotting 485 

special      purposes,     require- 
ments for 603 

topographic  surveying. .  338,  503 

"  Masonry,  giving  lines  for 208 

Mean  polar  distances,  table  of..  633 
Mean     refraction    corrections, 

table    of 624 

Measurements,     adjusting     in 

the  office 478 

adjustments 13 

allowable     discrepancy     be- 
tween stadia  and  tape  ..  314 

angles 5 

errors 104 

horizontal,  with  sextant.. .   578 
reduction  of  errors  in  tri- 

angulation 192 

triangulation,  method  of. . .    I94 

trigonometric  methods 63 

vertical ,  with  sextant 579 

angular,  methods  of  judging 

precision  of 107 

units  of 3 

base  line,  effect  of  error  in 

triangulation 192 

how  to  measure 57 

between  inaccessible   points 

65,  222 

between  stadia  and  tape,  al- 
lowable discrepancy 314 

chaining 34 

requiring  accuracy 45 

conditions   which  affect   ac- 
curacy     108 

correcting  in  the  office 478 

discrepancy   between   stadia 

and  tape 314 

distances 5 

how  close  to  measure 309 

errors 9 

in  angular 104 

in  linear 39 

height  of  inaccessible    point 

65,  222 
horizontal,  angles,  with  sex- 
tant     578 

explanation  of 2 

how   close   to  measure    dis- 
tances     309 

how  to  measure  a  base  line. .     57 
inaccessible  points 

to  and  between. . .  .65,  222 

linear,  errors  in 39 

methods  used  in  locating 

details 138 

relation    between    angular 
and 158 


Measurements,  linear  (ct*d)     page 

units  of 3 

methods  of  reducing  stadia. .   480 

miscellaneous  units  of 3 

omitted  (see  Omitted  meaa- 
urements) 

used  in  plane  surveying 2 

plotting 157 

precision  in,  conditions  which 

affect 108 

methods  of  judging 107 

probable  values,  how  found..     13 
purpose    of    correcting    and 

adjusting 478 

record 157 

record  of,  in  field  work . .     21 

recording 22 

reducing  stadia,  methods  of.  480 
related     quantities,     adjust- 
ment of 14 

relatioa    between    angular 
and    linear    in  locating 

details ? 158 

same   quantity,    adjustment 

of 13 

stadia,  allowable  discrepancy 

table 314 

methods  of  reducing 480 

to  inaccessible  points. . .     65,  222 
units  of;  angular,  linear,  mis- 
cellaneous        3 

vertical,  explanation  of 2 

angles,  with  sextant 579 

Mechanical    methods   in    office 

computations 377 

Mechanical  drawing,  introduc- 
tory course  in 445 

Merestones 209 

for  marking  street  lines 202 

referencing 203 

Meridian,  determination  of . . . .   354 
by   direct   observation  on 

sun 637 

by  double  altitude  method.  632 

by  solar  observation, 620 

by  sun's  altitude 624 

from  sun  at  noon 632 

in  high  altitudes 634 

rough  determination 359 

different  reference  meridians.  124 

in    high   latitudes 634 

reference .•  •  •  •    ^24 

in  topographic  surveying. .   341 

rough  determination  of 359 

Meridian  needles,  designs  for. .   526 

Method  of  keeping   field  notes     20 

of  least  squares,  abbreviated     18 

applied  to  angles 19 

definition  of 15 

fundamental  assumptions.     15 
of  plane  table  surveying... 
(see  Plane    table    survey- 
ing)   

of  plotting  angles 455 

traverses 463 

of  reversion  of  instruments . .  583 


MET— OFF 


INDEX 


779 


PAG£ 

Method    of.  working   up  fidd 

notes 477 

Meter,   unit   of  measurement; 

equivalents 3 

Metric   measure   converted   to 

English:  table 660 

system  and  English  equiva- 
lents of  areas 407 

Minus  and  plus  errors,  explana- 
tion of 9 

Minutes  in  decimals  of  a  degree; 

table 660 

Mirrors,  use  in  leveling 276 

Missing  data,  supplying 480 

Mistakes,  dennea 10 

in      reading     the      limb    of 

transit 69,  71 

Mizar,  relation  to  Polaris 356 

Monuments  for  boundaries. ...   211 

for  marking  street  lines 202 

Most  {jrobable  value,  how  ob- 
tained        15 

use  of 15 

Multiplication,    abridged,    use 

of  in  stadia  reduction 481 

Multiplication    in    office    com- 
putation    364 

abridged  methods 365 

rules  for  checking 366 

Multiplication  tables,  for  office 
computations 376 

National  Biu-eau  of  Standards.   561 

Natural  sources  of  errors 9 

Nautical  almanac 622 

Needle,    compass,    adjustment  603 

New  York  leveling  rod 231,  571 

Non-erecting  eyepiece  of  tele- 
scope    550 

Note-book  for  office  computa- 
tions   363 

Numbering  limb;    combination 
full-circle     and    half-circle 

system 73 

combination     of     full-circle 

'  and  quadrant  system.  .....     75 

full-circle  system 71 

quadrant     system     for     de- 
flection angles 75 

Numbering  limt  graduation  of 

transit 67 

Numbering  stations,  plus  system  254 
Numerals  in  field  notes,  direc- 
tions      27 

Numerical  values  in  notes... 22,.  21 

Object  glass  of  telescope 549 

moving  too  freely  to  stop  ...   616 

proportion  of  light  to  size . .  .   554 

Object-glass  slide,  adjustment  of  602 

Oblique  triangles,  area  of 408 

Obstacles,  to  prolong  straight 

line  through 66 

Obstacles  to  chaining 54 

problems 64 
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Obstacles  to  transit  surveying.  216 

Office  computations 362 

abridged  addition 372 

division 366 

multiplication 365 

subtraction 372 

accuracy  of 371 

consistent 370 

how  determined 370 

addition ,  shortening 372 

algebraic  signs  for  angles. . . .  375 

aneieS;  algebraic  si^ns 375 

how  best  determined 375 

application  of  rules  for  short- 
ening   373 

approximate  checks 362 

arithmetical,  checks 368 

short  cuts  in 364 

arrangement  of 363 

certain  figures,  number  of. . .  370 

checks  for 269 

approximate 362 

arithmetical 368 

for  arithmetical  computa- 
tions   369 

division 367,  369 

importance  of 362 

multiplication 366,  369 

second  differences 368 

subtraction 369 

consistent  accuracy 370 

Crelle's  multiplication  tables  376 

determining  accuracy 370 

angles 375 

quantities 375 

devices  for  reading  tables . . .  375 

different  kinds  of 361 

division,  abridged 366,  372 

long 365 

economic  method  of  proced- 
ure...'.   364 

effect  of  uncertain  figures. . .  371 

eliminating  worthless  figures  369 

figures,  certain  number  of . . .  370 

significant,  number  of . . . ,  370 

uncertain,  effect  of 371 

number  of 371 

worthless,  eliminating  of.  369 

graphic  methods 377 

importance  of  checking 362 

interpolating  logarithms, 

method  of 374 

large  numbers ,  square  roots  of  368 
logarithmic  computations. . .  374 

logarithms,  looking  up 374 

memorizing 375 

methods    of    interpolating  374 
saving  time  in  looking  up  374 

long  division 365 

mechanical  method. 377 

marking  trigonometric  tables  375 

memorizing  logarithms 375 

methods  of 362 

economic 364 

graphic 377 
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OnrxCE  computations,  page 

tDfiUiods  of  (ctmtintied) 

interpolating  logarithms . .  374 

mecnanical 377 

svstematic. 363 

multiplication 364 

abndged 365,  371 

checlung 366 

tables— Crdle's 376 

note  book 363 

separate  leaf 363 

ntimber  of  certain  figures. ...  370 

of  significant  figures 370 

of  uncertain  figures 371 

numbers,  large,  square  root  of  368 

small,  to  square 367 

square  root  of 367 

order  of  procedure 363 

planimeter 376 

quantities,  how  best   deter- 
mined    875 

reading  tables,  devices  for. . .   375 

rules  for  shortening 373 

saving   time    in  looking    up 

logarithms 374 

second  dififerences,  checking 

by 368 

separate  leaf  note-book 363 

shortening 371 

addition 372 

application  of  rules 373 

aritnmetical  work 364 

division 372 

multiplication 871 

subtraction 372 

significant  figures,  number  of  370 
Bines  or  tangents,   which  to 

use 875 

•pedal  tables 377 

speed  in 364 

square  a  small  number 367 

square  roots  of  large  numbers  368 

of  small  numbers 367 

systematic  method 363 

tables,  multiplication.  Crelle's  376 

for  special  use 377 

trigonometric 373 

devices  for  reading 375 

marking 375 

useful 376 

tangents  or  sines,  which  to  use  375 

trigODometric  tables 373 

uncertain  figures,  effect  of.. .   371 

number  of 37 1 

useful  tables 376 

worthless  figures,  eliminating  369 

Office  work 361 

surveyor 5 

transit  survejdng 149 

Offsets,  rules  for  taking 139 

use  of,  in  calculating  areas. .  411 

^  locating  details 138 

Omitted  boundary  lines,  com- 

^putations  for 405 

Omitted  measurements,  bearing 
and  length  of  one  side. . . .  401 


Omtttrd  measurements  (ef  d)    page 
bearing   of   one   side   and 

length  of  another 402 

bearings  of  two  sides 404 

calculation  of 399 

forms  for 405 

methods  of 401 

forms  for  computation 405 

{general  cases 400 
ength  of  two  sides. ........  404 

methods  of  calculation ......  401 

parts  of  a  triangle 399 

trigonometric  methods 

illustrated 404 

two  sides  affected 402 

Omitted  parts  of  a  triangle  ....   399 

Optical  center  of  lens 546 

Optics,  theory  of  lenses 545 

Orienting  the  transit 125 

Outer  spindle  for  transit 563 

Pantograph 377 

how  to  set 444 

in  office  computations .377 

theory  of 443 

use  of 443 

Paper,  ^gshdl  surfaces 485 

fastening  to  the  drawing  bo«xd  445 

for  photo  reproduction 485 

for  plane-table  work 327 

shrinkage  of 486 

Parabola,  area  of 407 

Parallax 555 

Parallelogram,  area  of 407 

Parallel  lines,  now  to  draw. . . .  439 
Parallels,  construction  of  with 

tape  61 

problems  in  establishing 224 

Parts  of  transit,  prindpal. ....  663 
Pavements,  how  to  lay  differ- 
ent grades 282 

templet  for 282 

Peg  adjustment;  three  methods  597 

Pencilj  use  Of 438 

Pencilmg,  suggestions  for 446 

Permanent  standard  for  tapes..   561 
Perpendiculars,      construction 

of  with  tape 61 

erecting,  chord  method 461 

how  to  draw 439 

problems  in  erecting 224 

Personal  sources  of  errors  ....       9 

Philadelphia  leveling  rod 

229.  231.  ^71 
Photo  reproduction,  paper  for..  485 

Piers,  bridge,  to  locate 215 

Pivot    point    compass,   adjust- 
ment of 603 

to  center 603 

Plain  compass 575 

Plane,  horizontal   definition  of.       1 

vertical,  definition  of 1 

Plane  survesdng,  kinds  of  meas- 
urement used 2 

limits  of  area  coTO^d 2 

Plane  table 318.  576 
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Plane  table  (continued)  page 

accessories  of 577 

adjustments  of 603 

the  boards 604 

the  levels 604 

the  telescope 604 

the  telescope  level 604 

the  vertical  circle 604 

alidade 676 

board 576 

case  for  carrying  paper. . ..  327 
fastening  paper  to  board . .  327 

how  to  set  up 319 

Johnson's 577 

manipulation  of 327 

manual,  Wainwright's 332 

paper  for 327 

case  for  carrying 327 

fastening  to  board 327 

plumbing-bob 577 

tests  for k 577 

tripod  head 577 

waterproof  cover  for  ....  327,  577 

Plane  surveying 318 

advantages  of 319 

angles,  vertical 328 

Bessel's  solution   of  three- 
point  problem 330 

check  sights 328 

choice  of  scale 328 

choice  of  stations 329 

Coast   Survey,  solution  of. . 

three-point  problem 332 

colored  glasses,  use  of 328 

comparison  of  methods. . ....   327 

connecting  sheets 327 

details,  method  of  locating. . .  329 

disadvantages  of 319 

error,  limits  of 329 

sources  of 329 

field    work,  questions   re- 
lating to 328 

general  method 318 

graphic  method  of  solu- 
tion of  three-point  prob- 
lem     330 

intersection,  method  of.  .321,  324 
Lehmann's  method  of  solu- 
tion of  three-point  problem  333 

limits  of  error  in 329 

Llano's  method   of    solution 

of  three-point  problem. .  . .  331 
locating  details,  method  of  . .  329 
mechanical      solution    of 

three-point  problem 329 

methods  of  comparison 327 

general 318 

intersection 321 ,  324 

locating  details "...  329 

progression 321,  322 

radiation 321 

radio  progression 321 ,  323 

requiring      linear     meas- 
urements   321 

requiring  no  linear  measure- 
ments    321 


Plane  survejang  and  meth-  page 
ods  of  comparison  (continued) 

resection 321,  326 

methods  of  work 321 

practical  suggestions    for. .  327 

plotting,  suggestions  for    . .  328 

principal  uses  of 318 

problem ,  three-point 329 

problem,  two-point 334 

progression,  method  of. .... .  321 

illustrated 322 

radiation,  method  of 321 

illuEtrated 321 

radio-progression,  method  of  321 

illustrated 323 

resection,  method  of 321 

illustrated 326 

scale,  choice  of 328 

setting  over  a  point 320 

sources  of  error 329 

stations,  choice  of 329 

suggestions  for  plotting 328 

three-point  problem 329 

traversing,  method  of 321 

Bessel's  method 329 

Coast  survey  method 332 

graphic  solution 329 

ehjnann's  method 331 

Llano's  method 331 

mechanical  solution 329 

methods  by  trial 331 

rules    from   Wainwright's. . 

manual 333 

two-point  problem 334 

vertical  an^es 328 

Wainwright's  manual  rules. . 

for  three-point  problem 333 

Planimeter,  use  of 408 

in  office  computations 377 

Plate  levels,  adjustments  of . , .  584 
value    of     level-bubble 

for 545 

Plates  for  transit 563 

Plotting 361 

angles 455 

collecting  data  for 483 

consistent  accuracy 464 

oflf  land,  forms  for  compu- 
tation  424,  426 

general  cases 422 

general  problem 421 

From  a  given  polygon 422 

illustrations  of 422 

variety  of  problems 421 

the  map — (see  below) 

pKjints,  lines  and  details 6 

preliminary  steps  to 483 

traverses,  from  azimuths. . . .  493 

from  bearings 493 

by  deflection  angles 493 

by  direct  angles 493 

from  latitudes  and  depar- 

■     tures 493 

methods  of 463,  484 

summarized 492 

Plotting  the  map 485 
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Plotting  the  map  {corUinued)   page 

accuracy  required 409 

arrangements  for 490 

assuming  the  first  line 491 

checks  for  angles 494 

combination 495 

for  linear  measurements. . .  494 

used 494 

choice  of  scale 489 

rules  for 489 

common  scales 488 

copying  and  transferring. . . .  500 

details 496 

checks  for 497 

drawing  instruments 486 

equipment  necessary 485 

errors,  to  run  down 495 

general  methods  of 487 
ow  to  b^in 490 

interpolation  of  contours 497 

method  of  procedure 487 

paper 485 

precautions  necessary 486 

speed  in 499 

transferring 500 

traverses 492 

triangulation  net 491 

Plumbing  bar,  for  plane-table. .  577 

Plumb-bob 85 

level 573 

bubble  used  for 545 

Plumb-line^  effect  of  irregular 

distribution  of  mass 2 

Plunging  the  telescope 86 

Plus    and    minus    errors    ex- 
plained        9 

Plus  stations,  methods  of  lay- 
ing off 449 

Pocket  steel  tape 560 

Pointers 355 

Points,  methods  of  location ....       4 

Point  of  curvature 205 

of  tangency 205 

Polar  distance 355 

distances  of  Polaris,  table  of.  633 

effect  of  latitude  in 355 

Polaris,  azimuth  at  elongation.  355 

formula  for  finding 356 

table  of 646 

check  observations 358 

eastern  and  western  .elonga- 
tion  355 

effect  of  latitude  on  azimuth.  355 

facts  concerning 355 

formula  for  finciing  azimuth  356 

methods  of  observing 356 

comparison  of 359 

observations  on 354 

at  any  time 359 

at  elongation 356 

at  culmination 358 

comparison  of  methods.. . .   359 

to  determine  latitude 633 

polar  distances 355 

mean,  table  of 633 

rdation  to  Cassiopeaiae 358 
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relation  to  latitude 356 

Mi^ar 356,  358 

table  of  mean  polar  distances.  633 

time  of  dongation 375 

tables  of 544 

upper  and  lower  culmination.  355 

Polvgon,  area  of 407 

closed  check  by  bearings. . . .    127 

Polyhedron,  definition  of 429 

Ponce! et's  rule  for  areas 412 

Portland,  Me.,  variation  of  mag- 
netic needle  at 542 

Porro  telescope ,   553 

Positive  prints,  how  to  make. .  454 
Precision  of  angular  measure- 
ments, conditions  affecting.  .   108 

methods  of  judging 107 

Precision  co-efficients,  determ- 
ination of 46 

Precision   in   chaining,  how  to 

obtain 53 

tables  of 43 

Precjsion  level 570 

Precision,  limits  of,  in  compaas 

surveying 298 

limits  expressed  by  ratio 47 

requirements     of     different 

limits 51 

table  of  errors  corresponding 

to  different  ratios 51 

Prevention  of  errors 12 

Primary  parts  of  surveying  in- 
struments     638 

Primary  stations,  devation    of, 
in  topographic  surveying  . . .  343 

Principal  axis  of  lens 546 

Princ'pal    lines  of    adjustment 

of  transit 584 

Prism,  definition  of 429 

for  stadia 553 

Prismatic  compass 576 

eyepiece  for  transit 566 

Prismoid,  definition  of 434 

Problems  in  chaining 60 

Probable  errors 16 

definition  of 15 

determination  of 17 

formulas  for 17 

measuring  base  line 58 

of  the  mean 16 

single  observation 16 

use  of 15,  16 

Profile  leveling,  definition  of. . .  242 

field  routine 251 

forms  of  notes  for 346 

Profile  paper,  different  kinds. .   530 

Profiles 529 

checking .^ 532 

common  mistakes  in  {dotting  533 
conventional  signs  for  statia.  535 

explanatory  notes  on 536 

finishing 6,  534 

horizontal  and  vertical  8<ales 

relation  of 631 

lajang  out  grades  on ,  533 
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Profiles  (continued)  page 

ietterinp 634,  535 

misleading . .   530 

paper  for 630 

plotting 6,  529 

from  contours 633 

general  method 532 

of  related  lines 533 

scales  for 630 

scales  for  different  papers.  . .   531 
showing     progress   on     con- 
struction     536 

titles  for 536 

working  up  notes 631 

Proiection.    norizontal,   ex- 
plained         f 

Proper  names  on  maps 505 

Proportional    dividers,  use    of  441 

Protractor 377 

bristol  board 466 

convenient  form  of 455 

device  for  holding 457 

how  to  make 457 

office  computations. 377 

paper 458 

three  armed. .    462 

use  of 455,  457 

in  plotting  traverse  lines. .   464 
in  topographic  surveying..   348 
Purpose  of  a  survey;    relation 
to  field  work 6 

Quadrant  targets . .   572 

Quantities,     how    best     deter- 
mined for  angles 376 

Radius  of  curvature,  level-bub- 
ble formula  for 645 

Radius  earth,  average 1 

Ratio  expression  of  error 39 

Ratio     expressing     limits     of 

precision 47 

Reading  angles  (see  Angles) 

glass  of  transit 98 

leveling-rod 227 

the  vernier 539 

Reciprocal  leveling 243 

table  of 683 

Records  in  field  notes 21 

Recording  field  notes 5 

measurements,     sources     of 

trouble 22 

Reels  and  handles  for  tapes... .    561 
Reference  lines,  location  of,  in 

rectangle '. . .   209 

checking 495 

topographic  surveying 341 

meridian  for  areas 414 

Referencing  boundary  line 211 

a  line 203 

a  point 54,  203 

Reflector  for  transit 567 

Refraction ,  correction  for 623 

mean :  table  of  corrections . .   624 
tables  of,  for  use  with  solar 
attachment 649 


PAGE 

Reinhardt's  system  of  lettering,    24 
Relations   of  general   work  of 

surveyor 6 

of  indoor  work  of  surveyor. .       6 
of     primary     operations     of 

field  work 5 

Remagnetizing  compass  needle.  295 
Replacing  broKen  cross  hairs.  .  616 

Requirements  for  transits 667 

Residual ,  defined 16 

Retaining-wall,    to    give    lines 

for 213 

Reticule  of  telescope 550 

Retrograde  vernier 640 

Reversing  the  telescope 86 

Reversion,  method  of 583 

bubble  tube 570 

Ribbon  tape 560 

Right   angle,   construction   of, 

with  tape 60 

triangles,  area  of 407 

Riveting  a  broken  tape 609 

Road,  how  to  stake  out 212 

Rodman,  duties  of 263 

equipment  for  in  leveling.. . .   248 

suggestions  for 261 

Roman  alphabet 608 

Rough  riveting  for  broken  tapes  677 
Rubber  bands,  use  of,  in  level- 
ing  262,  281 

Ruling-pen,  adjusting 441 

cleaning 441 

sharpening 441 

use  of 440 

Running  transit  lines,  (see  also 
Transit  lines) 122 

SaegmuUer  solar  attachment....  631 

Sag  of  tape,  formulas  for 41 

methods  of  eliminating 41 

Salt   Lake  City  apparatus  for 

standardizing  tapes 562 

San     Francisco,     variation     of 

magnetic  needle  at 642 

Scales,  choice  of,  in  plotting. . .   489 

designs  for 527 

equivalents  for    various    ra- 
tios, table  of 488 

for  maps 526 

for  different  purposes 489 

for  plotting,  choice  of 489 

the  map 488 

used  by  the  Government. .  488 

for  profiles 531 

on  target 572 

use  of 440 

in  chaining  base  line 68 

Sea  level,  defined;    how  deter- 
mined         1 

reading  of  barometer 245 

Secondary  axis  of  lens 547 

Section  liner 449 

lining 449 

for  maps .522 

Sector  of  circle,  area  of 407 
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Ocimeni  of  drde,  area  of.  .407,  409 

Sextant 577 

adjustments  of 604 

the  hcniion  glass 605 

the  index  glass 604 

the  telescope —  603 

advantages  of 578 

ej'epieces.  three  lands  of 578 

horison  glass 578 

index  error 606 

index  ^ass 578 

measuring  horizontal  angles.   578 
measuring  vertical  an^es  —  579 

theor>-  of 579 

use  of 578 

VCTnier  arm 578 

Secular  variations  of  magnetic 

needle 541 

Self-reading  leveling  rods 571 

Self -reading  stadia  rod 573 

Set  screws  for  transit 564 

Sewer,  flow-line 211 

leveling  for 283 

Shafting,  to  give  lines  for 212 

leveling  for 287 

leveling,     giving     elevations 

for 287 

Shellac  for  cross-hairs  of  tele- 
scope   550 

Shortening     computations     in 

oflSce  work 364,  372 

Sderial  day 355 

Sitting  at  points  in  the  dark..  358 
Sights,  compass,  adjustmoit  of  602 

Signals,  leveling 248 

for  stations  in  triangulation .   198 

&ies,  table  of 662 

logarithmic,  table  of 718 

Sine-cosine   method    of   meas- 
uring angles 63 

Sn^e-pieee  leveling  rod 572 

Sketch  method  of  keeping  notes, 

iUustrations 179.  183.  189 

Sketches  in  fidld  notes 21,  23 

Slide-rule,   in   oflSoe  compota- 

tioos.' 377 

Slide-rtilee  for  stacfia  work 483 

Slopes,  m^hods  ci  chaining —     35 

Sockets,  care  of 618 

Solar  attachm^it 666.  627 

Burt's,  use  of 628 

method     o(     procedure     for 

Hurts -   630 

observation      to     determine 

latitude 633 

Saegmuller:  use  <rf 631 

table  of  refractions 649 

Solar  compass 576 

Solar  paper,  brown 454 

Solderins  a  broken  tape 610 

Sounding,  use  c^  flags  of  dif- 
ferent colors 203 

Sources  of  errors 9 

chaining,  sununary  and  rela- 
tive importance 43 
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Speed  in  levding 276 

Speed    in    surveying,     how 

gained 8 

Spida>-webs;  best  kind 616 

how  to  procure 616 

to  fasten  to  ring 616 

Spindles,  care  of 618 

for  transit 563 

Sphore  in    relatiofi  to  earth'a 

surface 1 

Spherical  aberration 549 

Spirit-level 544 

S|4ines,  hard-rubber  for  curvea.  443 

Sponge  rubber 448 

Spring  balance,  use  of  in  mea»- 

uring  base  line 57 

Square  chains,  basis  of  unit  of 

measuronent 3 

feet,  to  reduce  to  acres 416 

Squares,  table  of 683 

Square  roots  of  large  numbers.  368 

of  small  numbos 367 

table  of 683 

Stadia,  accuracy  of.  in  leveling  308 
in  measuring  distances....  307 

adjustment  of  wires 303 

advantage    <rf    standard   in- 
terval   303 

anises,  how  ciose  to  meas- 
ure.  3C9 

votical,  when  to  igncwe.. .  307 

checking  distances 309 

aide  shots  on  line 309 

correction  constant 302,  315 

definition  of 300 

diagrams  for  reduction. 482 

distances,  accuracy  in  meaa- 

luing 307 

checking 300 

how  dose  to  measure 300 

horisontal.  to  measure  in 

level  groaiMi 307 

to  measure  on  sloping 

ground. 307 

vertical,  how  to  obtain 30^ 

derations,  method  of  <™^"*g  301 

to  obtain 30^ 

form  of  notes 31i 

formulas    for    reducing    in- 
clined readings 305 

graduating  the  rod 30t 

hori  zomal  distances,  to  meas- 
ure  307 

how  dose  to  measure  an^lea.  309 

distances 309 

how  to  graduate  the  rod .  3(M 

ignoring  vertical  angles 307 

indined    readings,    formolas 

for  redudng 306 

reduction  of 307 

standard,  advantage  of 303 

interval,  to  test 302 

factor 303.  304,  315 

length  of  sii^t.  maximum. ..  307 
leveling,  aceuiacy  of  fltat&u.   308 
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Stadia  (continued)  paob 

trigonometric 305,  308 

line  of  sight  inclined 305 

maximum  length  of  sight . . .  307 
measurements,  compared 

with  tape 315 

method  of  reducing 480 

measuring  angles 309 

distances 309 

horizontal  distances 307 

notes,  form  of 310 

reducing 480 

obtaining  elevations 308 

obtaining  vertical  distances.    308 

principle  of 301 

readings,  inclined,   formulas 

for  reducing 305 

reduction  of 307 

reduction  tables 659 

use  of 480 

rod  (see  also  Stadia  rod) ....  300 

side  shots,  checking 309 

slide  rules 483 

special  rod 303 

standard    intervals,    advan- 
tage of 303 

theory  involved  in 301 

to  test  the  interval 302 

trigonometric  leveling.. ..305,  308 

vertical  angles 307 

distances 308 

wires,  to  adjust 303 

Stadia  rods 300,  573 

common    mistakes    in 

reading 305 

different  patterns  compared.   573 

directions  for  making 574 

to  graduate 304 

method  of  reading 304- 

self-reading 673 

special 303 

standard,  advantage  of 304 

target 573 

tests  in  sighting 313 

Stadia  surveying 300 

allowable  discrepancies  in. .  .  314 
allowable  errors  in  elevation.  314 
angles,  how  close  to  measure.  309 

checking  distances 316 

elevations 316 

side  shots 316 

closure,  error  of 315 

determining    the    stadia    in- 
terval, erorr  in 312 

discrepancies,  allowable 314 

between   stadia  and   tape 

measurements 314 

distances,  checking 316 

long,  reading 316 

effect  of  refractions 312 

elevations,  allowable    errors 

in 314 

checking 316 

errors,  change  in  wire  inter- 
val  312 

of  closure 315 


Stadia  surveying  (oontintied)    page 
determining  the  stadia 

interval 312 

effect  of  refraction 312 

elevation,  allowable 314 

limits  of. 313 

for  series  of  lines 316 

separate  horizontal  meas- 
urements   313 

single  observation 312 

sources  of 312 

general  methods 309 

horizontal    measurements, 

errors  of 313 

interval,   errors   in   deter- 
mining   312 

wire,  change  in 312 

limits  of  errors 313 

for  series  of  lines 315 

maximum  length  of  sight. . .   316 

measurements,  angles 309 

horizontal,  errors  of 313 

mistakes  in  reading  rod 312 

reading  long  distances 316 

reading  roa. 316 

mistakes  in 312 

refraction,  effect  of 312 

side  shots,  checking 316 

sight,  line  of,  maximum 316 

sighting,  methods  of 315 

single   observation,   errors..  313 

sketches  for 312 

sources  of  error 312 

wire  interval,  change  in 312 

Stadia  wires 300 

advantages  of 304 

for  transit 667 

non-adjustable 303 

Stakes,   use   of,  in   measuring 

base  line 67 

Staking  out  a  building 209 

details 5 

house-lot 210 

road  and  highways 212 

Standard  time 622 

for  transit 563 

yard,  definition  of 3 

Standards,  adjustment  of 689 

dumpy  level,  adjustments  ..   601 

National  Bureau  of 661 

Standardizing  tapes 661 

Station,  defined. 235 

to  determine  most  westerly..  471 

Steel  tape  (see  also  Tape) 560 

care  of 31,  609 

emergency  repairs 611 

eyelet  tool  for  riveting. . . .   609 
riveting  a  broken  tape. . .  .   609 

rough  riveting 611 

soldering  broken  tape  ....    610 
soldering  flux,  to  prepare.  610 

soldering  outfit '.  .  .  .   610 

soldering,  sleeves  for 610 

sticky  flux  for 610 

stick  splice .•  •  •  •   ^\l 

determination  of  end  points .     35 
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Steel  tape  (continued)  page 

figures 31 

handling 31 

Stick  splice  for  broken  tapes. . .  611 

Stone  p>osts  for  boundary  mon- 
uments   211 

Stone  walls,  where  to  set 202 

Straight  edge,  steel 486 

to  test 438 

Straight  line,  methods  of  pro- 
longing      02 

Strata,  conventional  signs  used 
in  profiles 535 

Street  lines,  how  marked 202 

location  of 158 

Sun,     azimuth    of;      formulas 

for 626 

daily  path  of 622 

observation     to      determine 
latitude 633 

Sun's  declination 622 

to  look  up 623 

Supporting  axis  of  transit 563 

Surface  of  lens,  shape  of 546 

Surface,  earth's,  definition  of. .        1 
level,  relation  to  plane 1 

Survey,  for  an  architect 211 

bearings  kept 113 

ownership  of 503 

what  constitutes 503 

Surveying,  accuracy  in 7 

care  of  instrvunents 6 

definition  of 2 

errors  in 7 

field  work  operations 5 

general  methods 5 

geodetic 191 

importance    of     checking 

work 12 

important  questions  in  con- 
nection with  field  work.. . .       6 

object  of 4 

office  work 5 

operations  similar  to   draft- 
ing         5 

plane,  definition  of 2 

plane  table 318 

purposes  of,   illustrations...       6 

speed  in,  how  gained 8 

stadia 300 

system  in 8 

topographic 337 

instruments 537 

Surveying  instruments  (see  also 
Chains,    Tapes,  Transit, 
Level  etc.). 
book  on 537 

Surveyor's  certificate 503 

forms  of 537 

compass 575 

crayon 147 

keel 147 

System  in  surveying 8 

of  transit  lines 117 

Tables,  allowable  discrepancies 

in  chaining 48,  49 


Tables  (continued)  paob 

coefficients    of   precirion  for 

chaining 48 

comparison  of  tables  of  dis- 
crepancies       50 

correction  for  combined  curv- 
ature   and    refraction    in 

leveling 273 

errors  corresponding  to  ratio 

of  precision 51 

errors  in  feet  corresponding 
to  displacement  of  bubble  269 

List  and  Index  of 639 

mean  polar  distances 633 

mean  refraction   corrections.   624 
permissible    errors   in 

leveling 277 

the  sum  of  an^es 110 

square  measure 407 

stadia  reduction,  use  of 480 

trigonometric,  marking 375 

useful,   for    office    computa- 
tions    376 

Tabulating   latitudes   and    de- 
partures, form  for 394 

Tachymeter 300 

Tangent  method  of  measuring 

angles 63 

of  plottii\g  an^es 458 

bearings 468 

traverses 484 

Tangent  screws  for  transit 564 

Tangents,  table  of 671 

and  curves*  area  between . . .  408 

to  curves 204 

Tape  (see  also  Chaining).        ^ 
avoidance    of    mistitkes    in 

reading 33 

best  form  of  graduation 560 

best  size  of 560 

certificate  of  comparison. . . .  561 
change  in  length  due  to  tem- 
perature       40 

doth 559 

comparison  of  different  ^nds  559 

comparison  with  chain 33 

correction  for  error  in  length 

of  tape 40 

errors  due  to  temperature. . .     40 

due  to  uneven  pull 42 

length 39 

not  horizontal 40 

marking  lengths 42 

not  stretched  tight 40 

reading 42 

graduation  on 560 

best  form  of 560 

graduation  marks. 560 

now  to  read 32 

length  of,  correction  for  errors 

in 40 

metallic 559 

method  of  testing 562 

mistakes  in  reading....... . .     33 

permanent  standard  for 561 

Bostoii  water  work^ ,  562 
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Tape  (continued)  page 

reading 32 

avoidance  of  mistakee  in . .     33 

common  mistakes  in 42 

use  of  magnifying  glass  for.     42 

reels  and  handles  for 561 

Salt  Lake  City  apparatus  for 

standardizing 562 

special 560 

standardizing 561 

Salt  Lake  City  apparatus 

for 562 

Boston  water  works  per- 
manent standard  for ....   562 

standard  pull 42 

steel,  band  tape 560 

care  of 31,  609 

chain  tape 560 

pocket  tape 560 

ribbon  tape 560 

stretch  of,  per  pound  of  pull.     42 

testing,  methods  of 562 

three  kinds  compared 559 

Target  leveling  rods 571 

stadia  rod 673 

Targets 572 

difference  between  methods 

of  reading 232 

how  to  move 252 

with  ordinary  scale 227 

with  verniers 231 

Telemeter 300 

Telescope 549 

aberration  of  sphericity 563 

advantages  of  high  power .  . .   555 
advantages    of    non-erecting 

eyepiece 565 

aperture,  test  for  size  of 556 

application  of  theory  of  lenees  550 
brightness  of  image,  relation 

to  magnifying  power 554 

care  of 614 

collimation,  line  of,  defined..   553 

comparison  of  eyepieces 553 

cross  hairs,  how  fastened. . . .   550 
cross    hair    ring,    how    con- 
trolled    560 

defects  of 553,  557 

definition 553 

test  for 556 

disadvantages     of     erecting 

eyepiece 563 

disadvantages  of  high  power.  655 
disadvantages   of   non-erect- 
ing eyepiece 653 

effect  of  too  high  magnifying 

power 554 

effect  of  too  low  magnifying 

power 654 

elimination  of  parallax 555 

eyepiece 549 

erecting,  disadvantages  of.  563 

theory  of 652 

how  focussed 549 

non-erecting,  advan- 
tage of 565 


Telicbcope  (continued)  pagb 
eyepiece,    non-erecting,    dis- 
advantage of 653 

theory  of 660 

two  kinds  compared 653 

variable  power 665 

eyepiece  ring,  how  controlled.  549 

fastening  cross  hairs 650 

field,  flatness  of,  test  for. . . .   566 

size  of 554 

test  for 556 

focus 662 

focussing  rack  and  pinion . . .   550 

focussing  object  glass 549 

^  reason  for 552 

high  magnifying  power,  ad- 
vantage of 555 

effect  of 554 

how  to  use 83 

illumination 55^ 

image,  brightness  of  in  rela- 
tion to  magnifying  power.   55^1 
lenses  (see  also  Lenses) 

application  of  theory  of....  550 
level,  magnifying  power  for  555 
level-bubble,      relation      to 

magnifying  power,  545,555,  568 
light,    percent    passing 

through  lens 654 

.  proportion  of,  to    size  of 

object  glass 654 

line  of  collimation  defined. . .  663 

line  of  sight  defined 553 

low  magnifyi-ng  power, 

effect  of 654 

magnifying  power,  effect  of 

too  high 654 

effect  of  too  low 554 

for  levels 555 

proportional  to  aperture.  .   554 
relation    to    brightness    of 

image 654 

to  level-bubble. 545,  555,  568 

to  vernier 555,  567 

test  for 657 

transits 655 

non-erecting    eyepiece,    ad- 
vantages of 555 

disadvantages  of 553 

theory  of 550i 

object  ^ass 649 

proportion  of  light  to  size  554 

reason  for  focussing 652 

object  glass  ring 550 

parallax,  how  eliminated 555 

percent     of     light     passing 

through  lens 564 

photograph  of 551 

plane  table,  adjustment  of,  .  604 
plano-convex   lenses  in  eye- 
piece    563 

Porro  telescope 553 

principles  of 567 

prism  for  stadia 563 

proportion  of  light  to  size  of 
object  glasses 554 
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Telescope  {conHnued)  page 

qualities  of 653 

rack  and  pinion  for  focussing.  550 
reason   for   focussing   object 

glass 552 

reticle 550 

ring,  cross  hair 550 

object  glass 650 

sextant,  adjustment  of 605 

size  of  aperture,  test  for 556 

size  of  field 554 

test  for 556 

size  of    object  glasses,    pro- 

Eortion  of  light  to 554 

.    ericity ,  aberration  of 553 

summary   of  principles   and 

defects  in 557 

tests  for 556 

definition 656 

flatness  of  field 556 

magnifying  power 657 

size  of  aperture 556 

size  of  field 556 

theory  of  erecting  eyepiece. .  552 

lenses 650 

non-erecting  eyepieces. . . .  550 

two  kinds  compared 653 

use  of 227 

variable  power 655 

vernier,  relation  to  magnify- 
ing power 555,  667 

Telescope  level,  adjustment  of.  691 

plane  table,  adjustment 604 

Temperature,     cause   of   error 

in  chaLaing 40 

Templet  for  pavements 283 

Testing  sensitiveness  of   level- 
bubble 545 

tapes,  method  of 562 

Tests  for  compass 576 

level 671 

plane  table 577 

telescopes 556 

transits 568 

Theory  of  errors 15 

of  lenses,  (see  also  Lenses) . .  545 

of  sextant 579 

Thermometer,  use  of,  in  meas- 
uring base  line 57 

Three-armed  protractor 462 

Three-point  problem 462 

Thumbscrews,  use  in  leveling.  88 

Tie-lines,  use  in  locating  details.  140 
Time     belts     in     the    United 

States 622 

Time,  converted  to  longitude, 

table  of 648 

of     elongation     of     Polaris, 

table  of 644 

standard 622 

Tinting  the  maps 522 

suggestions  for 449 

Titles,  for  maps 505,  523 

method  of  constructing 525 

for  profiles 536 

for  tracings 523 


Titles  {corUimied)  pack 

what  should  appear  in 525 

Topographic  maps 33H 

requirements  for 503 

"Topographical    drawing    and 

sketching' ' — Reed 523 

Topographic  surveying 5,  337 

angles,    horizontal,    reading 

to  contour  points 343 

book  for  topography 347 

celluloid  sheets,  use  of 348 

choice   of  methods    and   in- 
struments    344 

choosing  stations  for  horizon- 
tal control 343 

choosing  stations  for  vertical 

control 343 

combination  of  methods  and 

instruments 345 

illustration  of 348 

contour 337 

choosing  intervals 344 

illustrations  of 338 

interpolating 34Q 

method  of. 343 

interval 337 

lines 338 

located  by  squares 341 

location  of 342 

method  of  locating 34^ 

points,  elevation  of 343 

running  in 340 

use  of 337 

control,  horizontal,  chocMsing 

stations  for 343 

methods  of 341 

points  of,  how  established.  340 
control,    vertical,    choosing 

stations 343 

methods  of 343 

points  of,  how  established.  340 
controlling  points  of  contour.  344 

details,  location  of 342 

elevations  of  contour  points.  343 

of  primary  stations 343 

of  traverse  stations 343 

establishing   points   of   con- 
trol    340 

substations 342 

field  notes 346 

field  routine 348 

fundamental     principles     of 
contour  lines 339 

general  method 339 
orizontal  angles,  reading  to 

contour  points 343 

horizontal   control,   choosing 

stations  for 343 

establishing  points 340 

methods  of 341 

illustrations  of 348 

illustrations  of  contours 338 

instruments,  choice  of 344 

combination    of    methods 

and 346,  348 

use  of  different...... 345 
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Topographic  sunresring  page 

{continued) 

interpolatinfl' a  contour 340 

leveling,    different    methods  343 

location  of  contours 341,  342 

of  details 342 

of  reference  lines 341 

methods  of 339 

choice  of 344 

combination  of,   with   in- 
struments  345,  348 

horizontal  control 341 

leveling 343 

locating  contours 340 

vertical  control 343 

with  contours 343 

paper,  mounted,  use  of 348 

topofe/aphic  plotting 348 

plotting  in  the  field 347 

points  of  control,  how  estab- 
lished    340 

primary    stations,   elevation 

of 343 

protractor,  use  of 348 

reading  horizontal  angles  to 

contour  points 343 

vertical  angles  to  contour 

points 343 

reference  lines,  location  of  . .   341 

(reference  meridian 341 

Tidgeline 339 

Tunning  in  a  contour 340 

^  traverses 341 

-lize  of  squares 341 

sketching  topography 347 

stations,  primary,  elevations  343 

traverse,  elevations  of 343 

substations,  establishing 342 

topographic  plotting  paper.  .   348 
traverse  stations,  elevations  343 

traverses,  running 341 

triangulation 341 

valley  lines 339 

vertical    angles,    reading    to 

contour  points 343 

Vertical     control,     choosing 

stations  for 343 

establishing  points  of 340 

method  of 343 

Tracing 451 

cloth,     cleaning    with    ben- 
zine    452 

colored  inks,  use  of 452 

coloring 451 

erasures 452 

marking  figures  or  letters.  451 
quality  of,  for  plotting. . . .  485 
use  of  in  transferring  maps.  500 

which  side  to  use 451 

paper 452 

Tracings,  colored  with  pencil...  607 

on  maps 507 

titles*. 524 

Transferring  maps 600 

Transit    (see  also  Angles,  meas- 
uring). 


TRANsrr  (continued)  page 

accuracy  in  setting  up. .....     89 

adjustments  of 584 

cross  hairs ^ 586 

plate  level 584 

principal 584 

principal  lines. 584 

relative  importance  of . . . .   586 

standards 589 

telescope  level 591 

vernier 591 

vertical  circle 591 

alidade 563 

attachments,  special 566 

backsight  and  foresight 90 

balancmg  in 93,  201 

construction   requirements. .   567 

of  set  screws 564 

of  tangent  screws 564 

cyclotomic 564 

cross  hairs,  adjustment 586 

deflection  angles,  measuring.     98 

double  centering 93 

double  reverse 92 

eccentricity,  test  for 568 

errors  in  setting  up 104 

errors,  source  of 96 

foresight,  permanent 91 

graduation,  limb 67 

test  for 668 

horizontal    angles,    measur- 
ing  93,     95 

to  turn  off 99 

horizontal  plates 67 

inner  spinale 663 

laying  off  an  angle  by  repe- 
tition     101 

leveling  head 563 

leveling  up 89 

limb 663 

limb  graduation 67 

system  of  numbering 67 

line  of  sight,  to  get  quickly. .     85 

lining  in 91 

lower  plate 663 

manipulating  the  tripod 88 

measuring    angles,   at  fence 

corner 202 

by  repetition 99 

by  series 100 

measuring  deflection  angles.     98 

horizontal  angles 93,     96 

vertical  angles 98 

mistakes  in  reading  angles. ..     98 
numbering  limb  graduations.     67 

orientinfjp 125 

outer  spindle 663 

permanent  backsight 90 

foresight 91 

photograph  of 665 

plate  levels,  adjustments  of.  584 

plates,  horizontal 67 

lower  and  upper 563 

vernier 563 

plumb-bob,  use  of 85 

precautions  in  using 84 
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Transit  (continued)  page 

principal  adjustments 584 

parts  of 563 

prolonging  a  straight  line... .     02 
reading    angles,  mistakes  in .     08 

suggestions  for 06 

bearings 101 

reading  glass,  use  of 08 

relative    importance    of    ad- 
justments    584 

referencing  a  line 203 

a  point 203 

station 203 

requirements    for    construc- 
tion   567 

reverse,  double 02 

reversing    in    azimuth    and 

altitude 02 

the  telescope 86 

set-screws,  construction  of.. .  564 

setting  up 86 

errors  m 104 

setting  the  Ternier 04 

several    angles    from    same 

backsight 04 

sliding  knot,  how  to  tie 85 

sources  of  error  in  measur- 
ing angles 06 

special  attachments 566 

(see  also  Solar  attachment; 
Gradienter;  Telescope;  Eye- 
piece, prismatic;  Reflector, 
Compass  -  needle ;     Stadia 
wires). 

spindle,  inner  and  outer 563 

standard 563 

standards,  adjustment  of . . . .  580 
suggestions  for  reading  an- 
gles      06 

supporting  axis 563 

s>'9tem   of   numbering   limb 

graduations 67 

tangent     screws,     construc- 
tion of 564 

tele«>oi>e,  magnifying  power 

for 555 

use  of 85 

telesci'tpe    level,    adjustment  501 

tests  for 568 

eccentricity  of 568 

graduation  of 568 

tripod,  manipulating 88 

turning  of  horizon t^  angles .     00 

upper  plate 563 

use  of S4,  201 

backsight  and  foresight. . .     00 
finding  intersection  of  two 

straight  lines 202 

get  line  of  sight  quickl>-. .      85 

Te\-eling  up SO 

lining  in 01 

measuring  angle   of   fence 

corner 202 

manipulating  the  tripotl.. .     88 

permanent  backsight 90 

foresi^t 91 


Transit  (continued)  page 

plumb-bob 85 

precautions 84 

reading  glass 08 

referencing  a  line 203 

a  point 203 

reversing  the  telescope. ...     86 

setting  up,  accuracy 80 

^  suggestions  for 87 

sightmg  parallel  to  given 

line 201 

tying  sliding  knot 85 

upper  and  lower  clamps.. .     01 

using  telescope 85 

thumbscrews 88 

value  of  level-bubble  for. . . .  545 

vernier 76,  540 

adjustment  of 501 

setting 04 

suggestions  for  using 06 

vernier  plate 563 

vertical  angles,  measuring. . .     08 
vertical     cu*cle,     adjustmient  501 
Transit    angle,    definition 

of 116 

Transit  lines  (see  also  Traverse).  1 19 
advantage  of  repeating  angles 

in  running 130 

angle  definition 117 

angles,  running  by 126 

application   oi  latitudes  and 

departures 385 

azimuth  or  bearing  of  first 

line 123 

anmuth   method  of   run- 
ning  120,  122 

advantages  of 128 

comparison  of 124 

method  of  procedure. .....    156 

outline  of 122 

bearing  of  first  line 123 

bearings,  calculated,  running 

by 126,  129 

calculation  of 381 

running  by 125 

advantages  of  method. .    129 
calculated  bearings,  running 

by 126.  129 

calculation  of  bearings 381 

choosing    methods    of    run- 
ning     151 

comparison    of   methods   of 

running 127 

by  azimuths 124 

definition  of ."    116 

deflection     angles,     running 

by 120 

advantages  of  method 128 

method  of  procedure. 155 

details,  use  of,  in  kicating 133 

direct  angles,  running  by 120 

advantages  of  method ... .    127 

method  of  procedure 154 

how  to  run 149 

latitudes  and  departures,  ap- 
plication of 385 
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Transit  lines  (continued)  paob 

methods  of  runiiiiig.116,119,151 
by  angles  and  calculated 

bearings 126 

by  azimuths.120,122,128, 156 

by  bearings 125,  129 

by  calculated  bearings. .   129 

choice  of 151 

comparison  of 127 

bycleflection  angles  120,  128 

165 
by  direct  angles  120, 127,  154 

quadrant  method 156 

plotting  (see  Traverses) 
running,  advantage  of  re- 
peating angles 130 

summary  of  method..    .   130 

sketch  of 390,  392 

Transit  party,  axeman. .....   163 

chainman 162 

chief  of  party. 161 

flagman 163 

note-keeper 161 

transit-man 162 

Transit  station,  definition  of.  1 16 

referencing 203 

Transit  survey,  methods  of 

working 132 

Transit  surveying,  alignment, 

obstacles  to 220 

angles,  checking 173 

double,  form  for 152 

single,  form  for 170 

arc  ofa  circle,  to  run  in...   204 
axeman,  equipment  for. . .   145 

azimuths,  form  for 174 

balancing-in  the  transit. . .   201 

base-line,  broken 204 

bearings,  form  for 175 

boundary  survey 150,  176 

broken  base-line 204 

buildings,  survey  of.. .  159,  180 
chainman,  equipment  for..    145 

checking  angles 152 

chief  of  party,  equipment  145 

city  survey 189 

combination     method     of 

keeping  notes 166 

comparison     m.ethods     of 

running  transit  lines. . .    151 
crowding  of  notes,  to  avoid  167 
details,    method   of   locat- 
ing    156 

dimensions,  where   to  put 

in  field  notes 166 

distances,  form  for 170 

driving  guard  stakes 147 

duties  of  members  of  tran- 
sit party 161 

equipment  for 145 

axeman  and  flagman. . .   145 

chainman 145 

chief  of  party 145 

note-keeper 145 

transitman 145 

error,  limits  of 159 
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error  of  closure,  permissible  160 
establishing     station, 

methods  of 147 

excavations,    staking    out 

work  for 15f 

field  notes 159,  164 

combination  method  of 

keeping 166 

different  forms  of   tab- 
ulated    169 

economical  forms  of . . . .  164 

general  form  of 165 

lustrations  of 175 

methods  of  keeping 164 

pertaining     to      transit 

lines 165 

repeated      in     different 

pages 167 

sketcn  method  for 165 

tabulated   without 

sketch,  forms  of 165 

transit  Ime,   method   of 

distinguishing 165 

what   notes   should    in- 
clude   167 

when  notes  should  read 

upward 166 

where  to  put  dimensions 

in 166 

field  work 145 

effect  of  choice  of  sta- 
tions on 150 

relation    to   office  work  151 

relation  to 149 

flagman,  equipment  for  . .  145 

form  for  azmiuths 174 

bearings 175 

double  angles 173 

single    angles    and    dis- 
tances. , 170 

forms   of   notes,   economi- 
cal   164 

general 165 

tabulated 169 

without  a  sketch 165 

formulas    for     permissible 

error  of  closure 161 

guard  stakes 147 

driving 147 

numbering.  .  .   147 

height  of  inaccessible  point, 

to  measure 222 

highways,  survey  of 184 

illustrations  of  field  notes.  175 
inaccessible  points,  to  meas- 
ure between 222 

to  measure  height  of. . .  222 

to  measure  to 222 

instruments     and     equip- 
ment   145 

judgment,  questions  of  .  • .  148 

land  and  building  survey  .  180 

lettering  stations 147 

limits  of  errors  in 159 

line,  to  run  between  two 
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T&A.N8IT  surveying  (eoniinued)  pagi] 
points   through   an   ob- 
stacle   221 

locating   points   in   water 

with  two  transits 203 

street  lines 158 

transit  stations 148 

location  of  stakes,  planning  159 
transit    stations,  choos- 
ing     150 

marking  stakes 147,  159 

masonry  structures 159 

method    of    distinguishing 

transit  line  notes 165 

establishing  station 147 

general 146 

keeping  notes 164 

locating  details 156 

procedure  ^  in     running 

transit  lines 153 

running  transit  lines. ...  151 
measurements  of  inaccessi- 
ble points 222 

obstacles  to 222 

note-keeper,    equipment 

for 145 

notes  (see  Field  notes). 

needed  for  plotting 167 

for  record 167 

numbering  guard  stakes. .   147 

points  on  sketch 166 

stations 147 

obstacle,     to     prolong 

straight  line  through...  220 
to  run  line  between  two 

points  through 221 

obstacles 148,  219 

to  alignment  in 220 

to  measurements  in ... .  222 

office  work,  relation  to 149 

relation  to  field  work 151 

parallels 224 

permissible    error    of    clo- 
sure     160 

perpendiculars 224 

plotting,  notes  needed  for.  167 

pocket  equipment  for 145 

points,  inaccessible 222 

points  in  sketch,  number- 
ing     166 

points  on  water,  .to  locate 

with  two  transits 203 

problems  in  triangulation.   219 
prolong    straight     line 

through  obstacle 220 

purpose  of  survey 148 

recorvi.  notes  needed  for.. .    167 

referencing  stakes 159 

station 148 

relation  between  field  work 

and  office  work 151 

to  field  work 149 

to  office  work 149 

repeating  notes  on   differ- 
ent pages 167 

run-in  an  arc  of  a  circle. . .   204 


Tbanbit  sunr^ng  (eoniinued)  paqa 
running  a  line  through  an 

obstacle 221 

running  transit  lines 151 

signals 146 

sketch    method    for    field 

notes 165 

sketch,  numbering  points  in  166 

of  transit  line 168 

special  work 201 

stakes,  planning  location  of  159 

markmg; 147,  159 

referencmg 159 

staking  out  work 158 

stations,    effect    on    field 

work  of  choice  of  ... .   150 
numbering    and    letter- 
ing    147 

methods  of  establishing.   147 

referencing 148 

street  lines,  locating 158 

su^estions     for    itmning 

transit  lines 152 

for  staking  out  woric.. . .   159 

survey,  boundary 150,  176 

city 189 

highways 184 

land  and  buildings 180 

purpose  of . . . 148 

system     of     staking     out 

work 159 

tabulated  notes,  different 

forms  of 169 

things  to  make  clear  in. . .   168 
transit    lines,    general 

sketch  of 168 

methods  of  running 151 

method   of   distinguish- 
ing notes 165 

notes  pertaining  to 165 

transitman,    equipment. .   145 

transit  party 145 

duties  of  members  of. . .   161 

transit  stations 146 

choosing  loeation  of . . . .   150 

locating 148 

referencing 148 

triangulation,  problems  in.  219 
uniform  system,  of   stak- 
ing out  work 159 

Transit  traverse  (see  also  Tra- 
verse lines) 119 

Transiting  the  telescope 86 

Trapizium,  area  of 407 

Trapezoid,  area  of 407 

Trapezoidal  rule  for  areas 411 

Traverses^  closed 118 

comparison    of    methods    of 

plotting 475 

error  of  closure '. . .    119 

explanation  of 117 

five  methods  of  plotting 492 

methods  of  plotting 463.  492 

by  azimuth 471,  484 

by  bearings 471 

by  chcnxi  method 484 
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methods  of  plotting  by  lati- 
tude and  departures, 

472,  474,  484 

checks 474 

illustrations  of 474 

by  tangent  method. ......   484 

running,  in  topographic  sur- 
veying   341 

Traverse  boards 318,  677 

Traverse  lines,  checks  for 465 

importance  of,  in  plotting. . .   463 

plotting  by  bearings 467 

by  chord  method 465 

by  deflection  angles 466 

by  direct  angles..... 464 

by  tangent  method .......  465 

Traverse  stations,  elevations 

of,  in  topographic  surv^ring  343 

Traverse  tables,  Boileau's 387 

Triangles,  area  of 407 

astronomical 620 

proportions  of '  219 

testing 439 

use  of 438 

Triangulation,   angles,   adjust- 
ment of 199 

maximum   and    minimum 

size.. 191 

measuring 194,  218 

which  to  measure 194 

base  line,  apparatus  for  meas- 
uring     194 

broken 193 

choosing  location  of 193 

effect  of  error  in  measure- 
ment    192 

length  of , 194 

principal  measure/ 194 

transferred  or  expanded.. .   193 

for  bridge  piers 216 

choice    of    location    of   base 

line 193 

stations 192 

conditions  for 192 

curvature    of     earth,     error 

from  neglecting 191 

definition  of 118,  191 

diameter  of  mast  for  signal. .   199. 

eccentricity  of  stations 198^ 

errors,  effect  of,  in  measure- 
ment of  base  line 192 

from  neglecting  curvature 

of  earth 191* 

from  poorly  proportioned        i 

triangles 191 1 

limits  of 199 

reducing  in  measurement        *> 

of  an^es 192 

sources  of 191 

favorable  conditions  for 193 

field  notes  for 198 

f general  method  of 191 
imits  of  errors 199 

expanded  base  line 193 

length  of  base  line. 194 


TRIANGT7LATION  (cOrUtnUed)         PAGB 

maximum      and      minimum 

size  of  angles 191 

measurement  of  angles 218 

form  of  notes  for 196 

general  methods  of 194 

illustration  of 196 

method  of  procedure 195 

method  of  repetition 195 

reducing  errors  in 192 

which  angles  to  measure. .  194 
measurement  of  base  line,  ap- 
paratus for 194 

effect  of  error  in 192 

principal 194 

net  work  of  triangles 191 

notes,  forms  of    in  measure- 
ment of  angles 196 

principal  measure  of  base  line  194 

problems  in 219 

proper  diameter  of  mast  for 

signal 199 

reducing  errors  in  measure- 
ment of  angles 192 

requirements  lor  stations. . . .  192 

signals 192 

for  stations 198 

proper  diameter    of  mast  199 

sources  of  error, 191 

stations,  choice  of 192 

eccentricity  of 199 

requirements  for 192 

signals  for 198 

transferred  base  line 193 

triangles,  network  of 191 

poorly  proportioned,  error  191 

unfavorable  conditions  for. ..  191 

Triangulation  net,  plotting. . . .  493 

Trigonometer,  description  of. . .  388 

Trigonometric  formulas 640 

leveling 200,  243,  264 

accuracy  of  method 264 

use  of  stadia  methods.  305,  308 
relations    between    bearing, 
length,    latitude    and    de- 
parture   400 

tables,  numbering  of  places 

used 375 

in  office  computations 373 

Trigonometrical    principles    of 

cun'"es 204 

Tripod,  care  of 617 

X    for  compass 576 

/    suggestions  for  manipulating.  88 

Tripod  head  for  plane-table 577 

\  supports,,    use    in    chaining 

/*      base  line. . , 58 

True  bearing  of  a  line 112 

'-.   error  of  measurement 9 

^    meridian 359 ' 

Truncated  prism,  definition  of.  429 

T-square,  testing  edge  of 438 

use  of 438 

Tunnel,  to  give  lines  for 215 

Turnbuckles,  use  of  in  chaining 

.   base  line 58 
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Turning  jjoints 238 

in  leveling 252 

Units  of  measurement  in  sur- 
veying        3 

Upper  plate  of  transit 563 

Ursa  Major 355 

Ursa  Minor 355 

Use  of  drawing  instruments.. . .   438 

Value    of    a    quantity,    most 

probable 15 

Values  of  measurements 13 

Values     nimierical,    in    field 

notes 21,  22 

Vara,    unit    of    measurement; 

equivalents 3 

Variations    of    declinations   of 

magnetic  needle 541 

of  magnetic  needle,  table  of.  643 

Vaseline,  use  of 618 

Vernier 538 

adjustment  of 591 

cleaning 612 

danger  points  in  reading. . . .  539 
determining  the  least  count..     76 

direct 540 

double,  how  to  read 76 

folded 83 

how  to  read 76 

illustrated 77,  538 

least  count  of 538 

to  determine 76,  540 

leveling  rods 540 

mistakes  in  reading 77 

mistakes  in  setting 75 

principle  of 538 

reading , 76,  539 

danger  points  in 539 

mistakes  in 77 

to  minutes 78 

30  seconds 80 

20  seconds 91 

10  seconds 82 

relation  to  magnifying  power 

of  telescope 555 

retrograde 83,  540 

how  to  read 540 

on  leveling  rods 540 

setting 94 


Vebnikb  (continued)  page 

setting.mistakes  in 75 

on  sextants 83 

special  forms  of 83 

suggestions  for  using 96 

Vernier  arm  for  sextant 578 

Vernier  compass 576 

Vernier  plate  for  transit 563 

Vernier  target 572 

Vertical  angles,  measuring 98 

with  sextant 579 

Vertical  circle,  adjustment  of.  .591 

plane-table 604 

Vertical  control,  choosing  sta- 
tions   344 

method  of 343 

Vertical  line  defined 1 

Vertical    measurements;      dis-    . 

tances;  angles;  explained      2 
Vertical    parabola  from  chord 

gradients 290 

connecting  two  grades 291 

field  work  of  staking  out 291 

formula  for 290,  292 

making     pass      through     a 

S'yen  point 291 
ing   out,  comparison   of 

methods 291 

tangent  deflections 290 

Vertical  plane  defined 1 

Watch  oil,  use  of 618 

Watches,  use  of  in  keeping  track 

of  angles 203 

Water-colors,  how  to  mix 450 

use  of. 449 

Water-lining 522 

Water-table 209,  212 

Weights  of  observations: 

found  by  means  of  probable 

errors. 16 

Wye-level 569 

adjustments  of 592 

bubble-tube 594 

cross  hairs 593 

principal  a  d justments 592 

principal  lines 592 

the  wyes 596 

value  of  level-bubble  for 545 

Zenith 621 
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777  pages,  217  figures,  10  plates.     Morocco $5  00 
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